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ABSTRACT 

We present an analysis of the ages and star-formation history of the F-type stars in the Upper Scor- 
pius (US), Upper Centaurus-Lupus (UCL) and Lower Centaurus-Crux (LCC) subgroups of Scorpius- 
Centaurus (Sco-Cen), the nearest OB association. Our parent sample is the kinematically-selected 
Hipparcos sample of de Zeeuw et al. (1999), restricted to the 138 F-type members. We have ob- 
tained classification-resolution optical spectra and have also determined the spectroscopic accretion 
disk fraction. With Hipparcos and 2MASS photometry, we estimate the reddening and extinction for 
each star and place the candidate members on a theoretical H-R diagram. For each subgroup we 
construct empirical isochrones and compare to published evolutionary tracks. We find that 1) our 
empirical isochrones are consistent with the previously published age-rank of the Sco-Cen subgroups, 
2) subgroups LCC and UCL appear to reach the main sequence turn-on at spectral types ~F4 and 
^F2, respectively. An analysis of the A- type stars shows US reaching the main sequence at about 
spectral type '^A3. 3) The median ages for the pre-main sequence members of UCL and LCC are 
16 Myr and 17 Myr, respectively, in agreement with previous studies, however we find that 4) Upper 
Sco is much older than previously thought. The luminosities of the F-type stars in US are typically a 
factor of ^2.5 less luminous than predicted for a 5 Myr old population for four sets of evolutionary 
tracks. We re-examine the evolutionary state and isochronal ages for the B-, A-, and G-type Upper 
Sco members, as well as the evolved M supergiant Antares, and estimate a revised mean age for Up- 
per Sco of 11±1±2 Myr (statistical, systematic). Using radial velocities and Hipparcos parallaxes we 
calculate a lower limit on the kinematic expansion age for Upper Sco of >10.5 Myr (99% confidence). 
However, the data are statistically consistent with no expansion. We reevaluate the inferred masses 
for the known substellar companions in Upper Sco using the revised age and find the inferred masses 
are typically ^20-70% higher than the original estimates which had assumed a much younger age; 
specifically, we estimate the mass of IRXS J1609-2105b to be 14^^ Mjup, suggesting that it is a brown 
dwarf rather than a planet. Finally, we find the fraction of F-type stars exhibiting Ha emission and/or 
a K-band excess consistent with accretion to be 0/17 (< 19%; 95% C.L.) in US at ~11 Myr, while 
UCL has 1/41 {2tl%; 68% C.L.) accretors and LCC has 1/50 (2^^%; 68% C.L.) accretors at -16 Myr 
and ~17 Myr, respectively. 

Subject headings: open clusters and associations: individual(Scorpius-Centaurus, Upper Scorpius, 
Upper Centaurus-Lupus, Lower Centaurus-Crux) — stars: pre-main sequence, cir- 
cumstellar matter, Hertzsprung-Russell diagram — stars: individual(HD 101088, 
AK Sco, Antares, [PZ99] J160930.3-21Q459, CSC 06214-00210, HIP 78530, UScoC- 
TIO 108, Oph J1622-2405) 



1. INTRODUCTION AND BACKGROUND 

Embedded clusters hosting massive stars dominate the 
star formation of the galaxy (Lada & Lada 2003), and 
OB associations appear to be the unbound "fossils" of 
dissolved embedded clusters. Subgroups within OB as- 
sociations are thought to be an approximately "coeval" 
stellar population (e.g., Briceno et al. 2007), sharing a 
common age, chemical abundance and velocity. Ages of 
stellar populations are a critical key to determining the 
evolutionary timescales of various stages of circumstellar 
disk evolution and, together with the accretion disk frac- 
tion, constrain planet formation timescales (e.g., Chen 
et al. 2011; Mamajek 2009). In addition, the estimated 
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masses for very low-mass companions to members of the 
stellar population depend critically on the assumed age 
(e.g., Lafreniere et al. 2008; Ireland et al. 2011). It is 
therefore important to estimate a consistent age for the 
stellar population so it can be used with confidence for 
such calculations, and to periodically test this derived 
age with constantly improving observational data against 
modern theoretical evolutionary models. 

In this paper, we explore the F-type (~1.2-1.7 Mq 
for ages —10-15 Myr) stars of Scorpius-Centaurus (Sco- 
Cen), the nearest OB association (Preibisch & Mamajek 
2008). Sco-Cen consists of three subgroups: Upper Scor- 
pius (US), Upper Centaurus-Lupus (UCL), and Lower 
Centaurus-Crux (LCC), with mean distances of 145pc, 
140pc and 118pc, respectively (de Zeeuw et al. 1999). 
As the nearest site of recent massive star formation, the 
stellar membership of Sco-Cen offers important samples 
of young stars for understanding circumstellar disk evo- 
lution across the mass spectrum. 
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Ages for the Sco-Cen subgroups have been determined 
primarily from the main sequence turn-off and the low- 
mass pre-main sequence population combining H-R dia- 
gram positions with theoretical evolutionary tracks. For 
the high-mass stars, this has been performed most re- 
cently for UCL and LCC by Mamajek et al. (2002), ob- 
taining ages ^17 Myr and ^f6 Myr, respectively. The 
most recent published age-dating of the massive stars of 
US was performed by de Geus et al. (1989), obtaining an 
age of ~5 Myr using the evolutionary tracks of Maeder 
(1981) and corroborated by Preibisch et al. (2002). 

Our goal in this paper is to explore the star-formation 
history and accretion disk fraction of the F-type mem- 
bers of three subgroups of Scorpius-Centaurus: Up- 
per Scorpius (US), Upper Centaurus-Lupus (UCL) and 
Lower Centaurus-Crux (LCC). Specifically, we have em- 
ployed the kinematically-selected Hipparcos sample from 
de Zeeuw et al. (1999) and have 1) placed them on a 
theoretical H-R diagram, 2) used published evolution- 
ary tracks to obtain ages and masses, 3) compared the 
star-formation history of the F-type stars with previous 
results (Mamajek et al. 2002; Preibisch et al. 2002), and 
4) estimated the spectroscopic accretion disk fraction to 
constrain the disk dispersal timescale for intermediate 
mass stars. 

2. SAMPLE SELECTION 

Our sample of Sco-Cen F-stars was taken from the 
kinematic analysis of de Zeeuw et al. (1999) which used 
both a refurbished convergent point method (de Brui- 
jne 1999a) and the "spaghetti method" (Hoogcrwerf & 
Aguilar 1999) to identify members based on Hipparcos 
positions, parallax and proper motions. The kinematic 
selection methods are described in detail in de Zeeuw 
et al. (1999), but briefly, the selection applied the conver- 
gent point method and spaghetti method independently 
to early-type stars to create a list of "secure" members 
of the OB association. A kinematic solution is obtained 
using both methods and the results of this are applied 
to a broader collection of stars in the Hipparcos catalog, 
with appropriate position, proper motion and distance 
limits for the particular OB association. Stars selected 
by both methods are included in their membership lists, 
and they also provide an estimate of the overall number 
of interlopers present in the membership list for each sub- 
group. For our sample (F-type candidate members only) 
the number of expected interlopers is ^5 in US, ^15 in 
UCL and ~9 in LCC. Further critical examination of the 
F-type samples was conducted by Chen et al. (2011). 

3. OBSERVATIONS AND DATA 
Low-resolution blue (~3700A-5200A) and red 
(^SeOOA-SQOOA) optical spectra were obtained from the 
SMARTS 1.5m telescope at Cerro Tololo Inter- American 
Observatory (CTIO). Observations were made in queue 
mode with the RC spectrograph between February 2009 
and December 2009. The blue spectra were obtained 
with a 600 grooves mm~^ grating (designated 26/Ia) 
blazed at 4450A and no filter, while the red spectra were 
taken with a 831 grooves mm^^ grating (47/Ib) blazed 
at 7100A and GG495 filter. Both setups use a slit width 
of 110.5/xm. One comparison lamp of HeAr and Neon 
for blue and red, respectively, was taken immediately 



before three consecutive exposures of each target. The 
blue spectra has a resolution of 4.3 A or R ^1100 at 
H/3 and the red spectra has a resolution of 3.1 A or R 
~2100 at Ha. 

The data were reduced using Fred Walter's SMARTS 
RC Spectrograph IDL pipeline'*. The three object images 
are median combined, bias-trimmed, overscan- and bias- 
subtracted, then fiat-fielded and wavelength-calibrated. 
Finally, we normalize the spectra to the continuum with a 
6th order spline in preparation for spectral classification. 

We have adopted V magnitudes and B-V and V-Ic 
colors from the Hipparcos (Ferryman & ESA 1997) cata- 
log and JHKg photometry from 2MASS (Skrutskie et al. 
2006). We have taken proper motion data, used to cal- 
culate a kinematically improved parallax (more on this 
in section 4.3) from both the revised Hipparcos data (van 
Leeuwen 2007) and the Tycho-2 (Hog et al. 2000) cata- 
logs. We used revised Hipparcos data if the fit obtained is 
that for a single star (i.e., a five-parameter solution with 
no peculiarities). Otherwise we use the long-baseline 
proper motions from the Tycho-2 catalog. The moti- 
vation behind this choice is to use the most precise and 
accurate proper motion data to calciilate the most accu- 
rate kinematic parallax possible. The presence of a com- 
panion or other peculiarities present in the astrometric 
solution could significantly influence the detected proper 
motions if a three- year baseline is used, as with the Hip- 
parcos data, whereas the longer baseline proper motions 
from the Tycho-2 catalog should be less affected. Our 
input data is listed in Table 1. 

4. ANALYSIS 

4.1. Spectral Classification 

The optical spectra were visually classified using the 
primary temperature classification spectral features for 
F-type stars: the strength and profile of the Balmer 
lines, followed by several metal lines including the G- 
band at ~4310A (Gray & Corbally 2009). Pre-main se- 
quence stars may exhibit enhanced chromospheric activ- 
ity, which will weaken the strength of the Balmer ab- 
sorption lines or they may be seen in emission. In this 
case a correct classification can still be obtained using 
the wings of the hydrogen line profiles (Gray, private 
communication 2010). In addition to the hydrogen lines 
and the strength and shape of the G-band, we used the 
strength of the temperature-sensitive Ca I A4226 and Fe I 
A4383 lines to confirm the classifications, although in this 
temperature region we found them less useful than the 
G-band. 

Stellar spectral classification is grciatly facilitated by 
the ability to visually overlay the object on spectral stan- 
dards obtained with the same spectral resolution. To 
that end, we developed a visual classification tool (sptool) 
which presents the object spectrum against two standard 
star spectra and allows the user to change the comparison 
standards with a single key stroke. The tool allows the 
classifier to easily move in temperature and luminosity 
subtype space by using the arrow keys on the keyboard. 
The tool, written in Python, is freely available online^ 
and only requires a dense grid of spectral standard stars. 

* http://www.astro.sunysb.edu/fwalter/SMARTS/smaTts_15msched.html#R( 
® http://www.pas.rochester.edu/~mpecaut/sptool/ 
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To obtain accurate spectral classifications for our pro- 
gram stars, we obtained a grid of optical spectra of F- 
typc MK spectral standard stars with the same telescope 
and setup as our program stars. Our choices for stan- 
dards are listed in Table 2. Although there are many 
choices for spectral standards, ours were chosen based 
on a careful consideration of the consistency of previous 
classifications and accessibility from the SMARTS 1.5m 
telescope at CTIO. 

Unfortunately, A8V and F4V spectral standards do not 
appear in the literature (e.g. Morgan & Keenan (1973); 
Gray & Corbally (2009)), and the only A9V standard 
that we could find in the literature (44 Get = HR 401; 
Gray & Garrison (1989)) had several discrepant pub- 
lished spectral types. For subtypes A8V and A9V we 
adopted a star that had been assigned that spectral class 
by at least one expert classifier and had colors representa- 
tive of other stars of the same classification. We adopted 
the Hyades member HD 27561 as a F4V standard. The 
star was originally classified as F4V by Morgan & Hiltner 
(1965), and its Hipparcos B-V color (0.41) is intermedi- 
ate in color between the F3V and F5V standards clas- 
sified by Morgan (and retained as standards by Morgan 
& Abt'(1973), Morgan ct al. (1978), and Gray (1989)) 
- HD 26015 (F3V standard, B-V=0.40) and HD 27524 
(F5V standard, B-V=0.434) - both of which are also 
Hyads. We have confirmed that its spectrum is inter- 
mediate between the F3V and F5V standards. For the 
A8V standard, we adopt the star HD 158352 (HR 6507), 
which was classified as A8V by Cowley et al. (1969), Abt 
& MorrcU (1995), and as A8Vp by Mora et al. (2001). 
For the A9V standard, we adopted the Praescpe mem- 
ber HD 73450 (BS Cue), based on its A9V classifications 
bv Bidelman (1956), Abt (1986), and Gray & Corbally 
(2002). We verified that the adopted A8V and A9V 
"standards" had optical spectra that were morphologi- 
cally intermediate between the A7V and FOV MK stan- 
dards. 

With our visual classification tool and a complete grid 
of dwarfs, we iteratively classified the 138 program stars 
at least four times before scittling on a final spectral type. 
We conservatively estimate our classifications to be cor- 
rect to within one subtype. 

Spectral types for many of our candidate members are 
available through the Michigan Spectral Survey (Houk 
& Smith-Moore 1988; Houk 1982, 1978; Houk & Cow- 
ley 1975) which allows us to directly compare our newly 
obtained spectral types with past results from plate sur- 
veys. As Figure 1 shows, the newly obtained spectral 
types agree quite well with those obtained in the Michi- 
gan Spectral Survey. The average difi'erence is small: 0.5 
± 1.1 (Icr). The Houk classifications are based on com- 
parison to the "MK" standards from Johnson & Mor- 
gan (1953), whereas we have relied heavily on the "re- 
vised MK" F-type standards from Morgan et al. (1978, 
"MK78" ) (these later types have been adopted by Gray. 
Garrison, Corbally and collaborators in their surveys). 
Any systematic difi^erences in the classifications likely 
come from differences in the choice of standard star, 
which differ between us and Houk mostly among the ear- 
liest and latest F stars. 

4.2. Extinction 




A7 A8 A9 FO Fl F2 F3 F4 F5 F6 F7 F8 F9 GO 

Spectral Type (this work) 



Fig. 1. — Comparison of our newly obtained speetral types with 
those available in the literature; Houk & Smith-Moore (1988); 
Houk (1982); Houk & Cowley (1975); Houk (1978). A line with 
unit slope is plotted to guide the eye. 



To calculate individual extinctions in the Johnson- 
Cousins and 2MASS bands, we constructed a modern 
spectral type- intrinsic color calibration with B-V, V-Ic, 
V-K5, J-H, and H-K5 colors using samples of nearby 
dwarf stars from the Hipparcos catalog (Ferryman & 
ESA 1997), normal cool dwarfs from Neill Reid's com- 
piled photometric catalog for stars in the 3rd Catalog 
of Nearby Stars^, and a cross-matched catalog combin- 
ing the new Gliese-2MASS catalog (Stauffer et al. 2010) 
and the catalog of average Johnson UBV photometry 
from Mcainilliod (2006). For the Hipparcos sample, only 
dwarfs with luminosity class "V" and My within 1 mag of 
the Wright (2005) main sequence were selected, and only 
stars with parallaxes greater than 13.33 mas and relative 
parallax error less than 12.5% were included (d < 75 pc), 
to select those stars ostensibly within the "Local Bub- 
ble" which has negligible reddening. An intrinsic color 
sequence was constructed for B through M-type stars, 
and the adopted intrinsic colors for a given dwarf spec- 
tral subtype were adopted based on a best B-V color''. 
Our adopted intrinsic colors are in Table 3. 

Many of the stars in our sample had very low extinc- 
tion, and where we obtained a non-physical negative ex- 
tinction we set the extinction to zero. We tised a total- 
to-selective extinction of Ry=3.1 and calculated Ay us- 
ing the color excesses E(B-V), E(V-Ic), E(V-J), E(V-H) 
and E(V-K5) with the extinction ratios A/^ /Ay =0.58, 
A.7/Ay=0.27, AH/Ay=0.17, A^s/Ay^O.ll (Fiorucci & 
Munari 2003) to estimate extinctions for each star. We 
adopted the median Ay with the standard deviation as a 
conservative estimate of the uncertainty. These are listed 
in Table 4 with our other derived stellar parameters. 

4.3. Distances 

^ http://www.stsci.edu/~inr/cmd.html 

^ Detailed notes for each subtype are available in the 
files listed at http://www.pas.rochester.edu/~emamajek/spt/ or 
http://www.ctio.noao.edu/~emamajek/spt/ 
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Fig. 2. — Comparison between Hipparcos trigonometric paral- 
laxes and our kinematic parallaxes. A line with unit slope is plotted 
for comparison. 

While the stars in our sample have been selected from 
the Hipparcos catalog and therefore have trigonometric 
parallaxes, wc can refine the distance determination by 
employing moving cluster, or "convergent point" paral- 
laxes. This works by leveraging the longer-baseline as- 
trometric measurements employed to determine proper 
motions and taking advantage of the common space mo- 
tion for the group. Kinematically improved parallaxes 
have been shown to reduce scatter in the H-R diagram 
(see the Hyades in de Bruijne et al. (2001) for a good ex- 
ample) and a comparison with trigonometric parallaxes 
can further help identify interlopers. One caveat is that 
kinematic parallaxes are meaningless for stars which are 
not true members. 

For our kinematic parallax calculations wc followed 
Mamajek (2005) and used updated space motions for 
US, UCL and LCC tabulated in Chen et al. (201 1)^ As 
described previously, we use proper motion data from 
the revised Hipparcos reduction (van Leeuwcn 2007) for 
stars with single star (five-parameter) solutions and data 
from Tycho-2 (H0g et al. 2000) otherwise. Our kinematic 
parallaxes compare very well with the Hipparcos trigono- 
metric parallax data (Figure 2). 

4.4. Field Star Contamination 

While the techniques used to define the sample in de 
Zeeuw et al. (1999) ensure that the candidate members 
are physically coincident with Sco-Cen and moving with 
similar space motion, the selection is purely based on as- 
trometric information. Here we attempt to use our spec- 
troscopic observations in conjunction with an additional 
kinematic criterion to identify interlopers. 

While the strength of Li can be used as a youth indica- 
tor in G- and K-type stars, older F-type stars will show 
less Li depiction and thus we cannot rely on this spectral 
feature alone as a youth indicator in our sample (Bal- 
achandran 1991, however see Chen et al. 2011). We can, 
however, use Li to determine membership for any G/K 

® These updated spa<;e motions should yield the best available 
predicted radial velocities and kinematic parallaxes. 



stars which are companions to F-type stars, excluding or 
confirming the pair as members. Since our sample should 
consist of stars with predominantly dwarf and subgiant 
like gravities, we can also identify and exclude any giants 
found in our sample. 

For members, the kinematic parallaxes should be in 
agreement with the trigonometric parallaxes. As a con- 
servative criterion, we reject any star as a member if 
the difference between trigonometric parallax and kine- 
matic parallax exceeds three times the uncertainty in 
those quantities added in quadrature. The motivation is 
that if the disagreement between the trigonometric and 
kinematic parallaxes is significant at the 3cr level, the ob- 
ject clearly has a different space motion than the group 
and can be safely rejected. 

4.4.1. US Interlopers 

Using our conservative kinematic rejection criteria, we 
rule out HIP 79258 as a member. A kinematic parallax of 
5.11±0.46 mas disagreed with the trigonometric parallax 
of 8.77±1.11 mas at a confidence level > Scr. This is the 
only interloper we were able to identify in Upper Sco. 
We then expect that the US sample of 21 still contains 
~4 interlopers, ~19%. 

4.4.2. UCL Interlopers 

Chen et al. (2011) reject HIP 70833 as a mem- 
ber of UCL since the cooler K3IV companion has 
an EW(Li A67071) of only 0.01 A. Chen et al. 
(2011) also reject HIP 75824 based on its low Li, with 
EW(Li A6707l)<8 A. Finally, HIP 69327 lies far below 
the zero-age main sequence, an un-physical portion of the 
H-R diagram, when the kinematic distance is used. As 
this is inconsistent with group membership, we identify 
it as an interloper. 

With these non- members identified in UCL, there still 
remain ~12 interlopers in our UCL sample of 53, or 
~23%. 

4.4.3. LCC Interlopers 

We reject one giant as a LCC member (HIP 62428, 
A7III; also rejected by Chen et al. 2011). It was also clas- 
sified as a giant by Houk & Cowley (1975). Chen et al. 
(2011) also exclude HIP 66285 as a member, based on the 
lack of Li in its cooler co-moving companion. HIP 59781 
has a kinematic parallax of 5.18±0.61 mas and a trigono- 
metric parallax of 12.58±1.26 mas, disagreeing above our 
3(7 threshold so we reject it. HIP 56227 has a kine- 
matic parallax of 11.85±0.84 mas and a trigonometric 
parallax of 8. 51 ±0.54 mas, also disagreeing above our 3a 
threshold so we reject it. HIP 57595 has a trigonometric 
parallax of 3.53±2.00 mas, which places it 165 pc from 
the mean distance of LCC. The Tycho-2 proper motion 
for this star supports it being an unrelated background 
star - the kinematic parallax assuming it were a member 
of LCC places even further from LCC (7rM„=2.78±0.91 
mas), so we reject it. Finally, HIP 63022, HIP 61086, 
HIP 64316, HIP 62674, and HIP 62056 occupy an mi- 
physical portion of the H-R diagram (below the zero-age 
main sequence) when the kinematic distances are used. 
As this is inconsistent with group membership, we iden- 
tify these objects as interlopers. 
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Fig. 3. — Ha region showing the two aecretors in our sample, 
HD 101088 (HIP 56673, F5IVc) and AK Sco (HIP 82747, F5Ve), 
along with a non-accreting star (HIP 67230, F5V) of the same 
spectral type. 

With these interlopers identified in LCC, we beheve 
that few, if any, of the remaining F-typc stars are inter- 
lopers. Stars rejected as Sco-Cen members are listed in 
Table 5. 

4.5. Accretion Disk Fraction 

We can examine our red optical spectra for evidence 
of accretion with the Hq feature. Accreting stars arc 
thought to produce Ha emission due to hot infalling gas. 
For our accretion criterion we use the Ha full width at 
10% peak (Wio(Ha)). White & Basri (2003) find that 
independent of spectral type, a full width at 10% peak > 
270 km s^^ is a good indicator of accretion. Wc do not 
estimate the mass accretion rates as that is is beyond the 
scope of this study. 

Using this criterion, we find only two stars in our sam- 
ple with Ha emission consistent with accretion, both of 
which are binaries: the near-equal mass system AK Sco 
(HIP 82747; Andersen et al. 1989; Alencar et al. 2003) 
and the recently studied HD 101088 (HIP 56673; Bit- 
ner et al. 2010) with 10% peaks widths of 710 km 3"^ 
and 400 km s~^, respectively. The spectral resolution of 
our red optical spectra at Ha is ^140 km s~^. The Ha 
profiles of these aecretors are shown in Figure 3 along 
with the Ha profile of a non-accreting star in our sam- 
ple (HIP 67230, F5V) with the same spectral type as 
HD 101088 and AK Sco. 

Using the classical T Tauri star color-color locus as de- 
termined by Meyer ct al. (1997) and the intrinsic color lo- 
cus of main-sequence stars we look for near-IR photomet- 
ric signatures of accretion among our Sco-Cen members 
using 2MASS near-IR photometry. The plot in Figure 4 
shows our Sco-Cen members (without reddening correc- 
tions applied) clustered around the locus with spread 
consistent with the uncertainties in the colors. The one 
obvious outlier with H-Kg > 0.4 is the known near-equal 
mass binary AK Sco referred to above. AK Sco is the 
star to the right of the locus, and its position is similar 
to that of the Herbig Ae/Be stars in Hernandez et al. 



■-5 



U.o 


CTTS Locus 


0.7 




0.6 


/ AKSco 


0.5 




0.4 


/ 

/ o 


0.3 


o o 


0.2 


o o. 


0.1 


/ .° Typical Error / 


0.0 




-0.1 




0.0 0.1 0.2 0.3 0.4 0.5 



H-Ks 

Fig. 1. H-Kg vs. J-H for the program stars (not de-reddened; 
excluding interlopers). The solid line is the dwarf color locus and 
the dashed line is the classical T Tauri locus of Meyer et al. (1997), 
shown for reference. The dotted line is the reddening line of a stan- 
dard AO star. The solid circle outlier to the right is the eclipsing 
binary AK Sco, indicating that AK Sco's NIR color excess cannot 
be due to reddening. 

(2005) . 

Here we estimate the optical spectroscopic accretion 
disk fraction for F stars in our sample as 0/17 (<19%; 
95% C.L.) for US, while UCL has 1/41 (2+^%; 68% C.L.) 

aecretors and LCC has 1/50 {2t\%] 68% C.L.) F-type 
aecretors. This compares well with the Carpenter et al. 

(2006) 5piteer results in which 0/30 (<11%; 95% C.L.) F- 
and G-type stars were fotmd to be aecretors. The F-type 
results in UCL and LCC are consistent with the lower- 
mass G- and K-type stars studied by Mamajek et al. 
(2002), in which 1/110 (0.91^;^%; 68% C.L.) members 
exhibited spectroscopic evidence of accretion. 

As mentioned previously, pre-main sequence stars may 
exhibit enhanced ehromospheric activity, which will man- 
ifest itself through partially filled Ha absorption lines. 
To examine this effect we measured the strength of the 
Ha lines with IRAF^ for all our program stars as well as 
our spectral standards and plot the EW(Ha) against Toff 
(Figure 5). The members plotted here indicate slightly 
enhanced ehromospheric activity, although most are still 
within the 2a spread of the spectral standards. 

4.6. H-R Diagram 

In order to compare Sco-Cen members with theoretical 
models and explore the star formation history of the F- 
type members, we construct a theoretical H-R diagram. 
The adopted effective temperature (Teg) scale and bolo- 
metric correction (BC) scale was taken from an extensive 
set of notes for spectral subtypes by EM^'. This new TeS 
scale comes from careful review and inter-comparison of 
spectroscopic and photometric temperature estimates for 
high quality MK standards as well as large samples of 

^ IRAF is distributed by the National Optical Astronomy Ob- 
servatory, which is operated by the Association of Universities for 
Research in Astronomy (AURA) under cooperative agreement with 
the National Science Foundation. 
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Fig. 5. — Ha EWs for the member stars compared with inactive 
field dwarfs and subgiants. The sohd fine is a third order poly- 
nomial fit to the field stars and the dotted lines represent the 2a 
scatter in the fit to the field stars. While the Sco-Cen program 
stars (interlopers not shown) are heavily represented above the 
trend line, most of them still lie within of the 2a spread of the field 
stars. 




log(Tefl) 

Fig. 6. H-R diagram for all stars except identified interlopers. 
Circles, triangles and star symbols arc US, UCL and LCC candi- 
date members, respectively. Plotted for comparison are 5, 10, 15, 
20 and 30 Myr isochrones from the Better et al. (2008) models. 



field dwarfs with MK classifications. The bolomctric cor- 
rections are consensus estimates for the adopted temper- 
atures, which rely heavily on the BCs for hot dwarf stars 
from Bessell et al. (1998) and for cool dwarf stars on 
the scries of papers by Casagrandc et al. (2006, 2008, 
2010) (however BCs were also calculated interpolating 
the scales of Code et al. (1976), Balona (1994), Flower 
(1996), and Bertone et al. (2004) for comparison). Our 
temperatures and bolometric corrections are listed in Ta- 
ble 3. 

We combine our extinction estimates with our kine- 
matic parallaxes and V-band photometry (Ferryman & 
ESA 1997) to estimate bolomctric luminosity and place 
the members on a theoretical H-R diagram. We compare 
our data to the Dartmouth PMS models (Dotter et al. 
2008) in Figure 6. 

5. DISCUSSION 

Immediately noticeable in the H-R diagram (Figure 6) 
is that the Upper Sco F-stars are not clustered around 
the 5 Myr isochrone, the age often quoted for US (de 
Geus et al. 1989; Preibisch et al. 2002). In fact if a "mov- 
ing median" empirical isochrone is plotted (Figure 7), it 
is ~0.4 dex below the 5 Myr theoretical isochrone from 
the Dotter et al. (2008) models. While a choice of dif- 
ferent theoretical tracks vary this disagreement slightly 
(e.g., D'Antona & MazzitcUi (1997), Siess et al. (2000), 
Demarque et al. (2004)) the disparity is at least ^0.4 
dex at spectral type F3, which corresponds to a factor 
of > 2.5 in luminosity, or about 1 mag. This is such a 
large effect that it clearly cannot be attributed to the 
uncertainty in the photometry or the errors in spectral 
types. 

Although there is some scatter, the positions of the 
empirical isochrones in Figure 7 arc consistent with the 
age rank from previous results (Mamajck et al. 2002); 
from oldest to youngest: LCC, UCL, US. A close ex- 
amination of the empirical isochrones reveals that UCL 
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Fig. 7. — H-R diagram with empirical isochrones for US (dot- 
dashed), UCL (dotted) and LCC (solid), constructed by taking 
the median luminosity over a 0.01 dex T(,ff step size with a 0.025 
dex log(Teff) window. Plotted for comparison are the Dotter et al. 
(2008) models. 

appears to be reaching the main sequence at log(TcH) 
~3.84 or spectral type ^F2, while LCC appears to be 
reaching the main sequence at log(Tefi) ~3.82 or spec- 
tral type ~F4. The F-type members of US appear to be 
all pre-main sequence, and thus we do not see a main 
sequence turn-on point for US among F-type stars. 

5.1. Ages 

For stars in UCL and LCC earlier than ~F5, the H- 
R diagram positions of the stars arc very near the main 
sequence and thus we can not reliably determine ages 
from pre-main sequence evolutionary tracks. Therefore, 
we only use F5 and cooler stars to estimate the median 
age of UCL and LCC. For all stars in US and those later 
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Fig. 8. — Distribution of ages obtained with the Dotter et al. 
(2008) evolutionary models. For UCL and LCC, only stars cooler 
than F5 were considered. 



than F5 in UCL and LCC we calculate ages and masses 
by linearly interpolating between isochrones from Dotter 
et al. (2008), Demarque et al. (2004), Siess et al. (2000), 
and D'Antona & Mazzitelli (1997). Figure 8 shows the 
distribution of ages for the three subgroups. Individual 
results for our ages and masses are listed in Table 4. For 
stars which are too close to the main sequence to infer 
a reliable age, we determine a lower limit on the age 
using the 2(7 upper limit on the luminosity and estimate 
a mass by assuming an age of 15 Myr (10 Myr for US). 
Our median age estimates for each subgroup are listed 
in Table 6. 

Interestingly, we obtain a significantly older median 

age for Upper Sco than other studies of the low-mass 
members (5 Myr, Preibisch et al. 2002; 6-8 Myr, de 
Zecuw & Brand 1985; 10 Myr, Glaspey 1971). As seen 
in Figure 8, we obtain a median age of 13 Myr for Upper 
Sco using the evolutionary tracks of Dotter et al. (2008) 
and an overall median age from all tracks of 13±1 Myr 
(68% C.L.). This is disconcerting, especially considering 
the median F-star ages we obtain for LCC and UCL are 
consistent with the main sequence turn-off ages and the 
pre-main sequence G- and K-type stars examined in Ma- 
majek et al. (2002). Motivated to resolve this large dis- 
crepancy, we revisit the Upper Sco main sequence turn- 
off ages, the age of the M supergiant Antares, examine 
the ages of the A-typc stars and the ages for the pre-main 
sequence G-type stars. We also examine a kinematic ex- 
pansion age for Upper Sco. 

5.1.1. Intrinsic Age Spreads 

In order to constrain how much of the observed spread 
in ages is due to observational uncertainty and estimate 
the intrinsic age spread, we performed a simple Monte 
Carlo simulation. First we calculated the observed la- 
dispersion in ages for each subgroup by simply taking 
the standard deviation of the ages (F5 and later stars 
for UCL and LCC), with deviant outliers clipped us- 
ing Chauvenet's criterion (Bevington & Robinson 2003). 
These observed spreads are shown in Table 6. 
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Fig. 9. — Distribution of ages obtained from a simulated pop- 
ulation of 10^ stars with median H-R diagram position and un- 
certainty with a Gaussian distribution (for UCL and LCC only 
memljcrs F5 or later were used). Ages (in Myr) were obtained 
using the Dotter et al. (2008) models. 



For each subgroup, we generated a synthetic popula- 
tion of 10** H-R diagram positions using the median H-R 
diagram position and median uncertainties for our mem- 
ber stars (F5 or later only for UCL and LCC), assuming 
a Gaussian distribution of errors. We then obtained ages 
and calculated the la spread in ages for these three syn- 
thetic populations, again clipping deviant outliers with 
Chauvenet's criterion since the same criterion was ap- 
plied to our real data to obtain the la dispersion in 
ages. The distribution of ages for these simulated popu- 
lations with the Dotter et al. (2008) evolutionary tracks 
are shown in Figure 9. 

Our estimates here assume that the observed disper- 
sion in ages is the result of the true dispersion in ages 
and the dispersion in ages as a result of the observational 

uncertainties, i.e. <y observed = '^intrinsic + '^uncertainties- 

Using the Dotter et al. (2008) models, we then estimate 
the intrinsic dispersion in ages using the dispersions from 
our real and simulated populations. Rather than give 
preference to one set of evolutionary models, we repeat 
this calculation for each of our evolutionary models. This 
way we obtain a range of intrinsic age dispersions. 

For US the observed la dispersion in ages ranges from 
±3 Myr with the D'Antona & Mazzitelh (1997) models 
to ±5 Myr with the Siess et al. (2000) models. When we 
account for the age dispersion from the observational un- 
certainties, we find the intrinsic la age dispersion ranges 
from ±1 Myr to ±3 Myr, again depending on the mod- 
els. For UCL and LCC, which have an observed age 
dispersion of ±5 9 Myr and ±5 9 Myr (depending on 
models), we find intrinsic age dispersions of ±4-7 Myr 
and ±0-8 Myr, respectively. This indicates that 68% of 
the star formation in Sco-Cen occurred over a time span 
of 2-6 Myr (US), 8-14 Myr (UCL) and <16 Myr (LCC). 
These are upper limits as we have not accounted for stel- 
lar binarity. Our findings show a much smaller age dis- 
persion for US than the other two subgroups, consistent 
with the smaller age spreads found by Preibisch et al. 
(2002) and Slesnick et al. (2008), who also found a very 
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small intrinsic dispersion in age. For UCL and LCC our 
age spreads arc larger than that found in Mamajek et al. 
(2002), who found that 68% of the star formation had 
occurred within 4-6 Myr for UCL and LCC. 

5.2. Upper Sco Main Sequence Turn- Off Revisited 

The most recent age determination for the turn-off was 
performed by de Geus et al. (1989) using Walraven pho- 
tometry in which they estimated a turn-off age of 5 Myr 

using Maeder (1981) evolutionary tracks with overshoot- 
ing but no mass loss or rotation. Preibisch et al. (2002) 
examined the H-R diagram again and argued that the 
data were consistent with an age of 5 Myr with very little 
spread in ages. We now have updated stellar evolution- 
ary models and Hipparcos astrometry which we employ to 
revisit the turn-off age. We use the early-type members 
from de Zceuw et al. (1999) with the addition of S Sco, a 
long-period binary that is certainly a member of US but 
was not a de Zeeuw et al. (1999) member of US due to 
its perturbed motion. To construct the H-R diagram, we 
take Stromgren photometry from Hauck & Mermilliod 
(1998) and de-reddened it according to the prescription 
of Shobbrook (1983). We then use the Teg and BCy cali- 
bration of Balona (1994) with the de-reddened Stromgren 
photometry. Since we are using the spread in isochrones 
near where the stars evolve off the main sequence, we 
restrict ourselves to stars hotter than log(Toff) > 4.40 
dex or more luminous than log(L/L0) > 4.00 dex. For 
stars cooler or less luminous than this the derived ages 
are very sensitive to the observational uncertainties and 
we are unable to estimate meaningful ages. Our derived 
temperatures and luminosities are given in Table 7. A 
plot of the data, with and without corrections for binarity 
(see below), are shown in Figure 10 with the evolutionary 
tracks of BerteUi et al. (1994). 

We have not used the runaway star ( Oph in our 
analysis, for several reasons. First, while Hoogerwerf 
et al. (2000) used Hipparcos astrometry to conclude that 
^ Oph most likely originated from Upper Sco '-^l Myr 
ago, they note that it could have also originated from 
UCL ~3 Myr ago. Unfortunately, the radial velocity 
of this star is poorly constrained^" and thus the UVW 
space motion is not sufficiently constrained to associate 
it with Upper Sco with great confidence. More impor- 
tantly, however, close examination of the abundance pat- 
terns in C Oph indicate that it has an anomalously high 
heliiim abundance (Herrero et al. 1992) and thus likely 
participated in a mass transfer event, perhaps from a 
close former binary companion. For this reason it is not 
reliable to use it to determine the turn-off age since it 
may have received extra nuclear fuel unaccounted for by 
the evolutionary models. 

With only six B-type stars determining the t\irn-off 
age, it is important to assess the binarity of these stars 
since it may significantly alter the H-R diagram positions 
and, therefore, the derived ages. Only two stars, uj Sco 
and T Sco, do not have a detected companion. Sco is 
a binary with Ay=1.26±0.17 (Elliot et al. 1976). This 
magnitude shift, when accounted for, moves the primary 
down on the H-R diagram ^O-l dex in luminosity and 

10 +15 km s-i, Reid et al. (1993); +6 km s"!, Garmany et al. 
(1980); -12.6 km s"!, Conti et al. (1977); -15 km s"!, Valdes et al. 
(2004) 
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Fig. 10. — Upper Sco main sequence turn-off plotted with the 
Bcrtclli et al. (1994) evolutionary tracks. Tiie crosses represent 
the H-R diagram position corrected for known binarity (see text 
for a discussion of each binary). Tiie circles are the H-R, diagram 
positions uncorrected for companions, ui Sco and t Sco do not have 
known companions. 



gives an age for the primary of 9 Myr. tt Sco is a binary 
with AV ~3.7 (Stickland et al. 1996), which moves the 
primary down on the H-R diagram ~0.01 dex in lumi- 
nosity, having virtually no effect on the derived age for 
TT Sco. S Sco is a binary with AU=1.5-1.9 (Tango et al. 
2009), shifting the primary down ~0. 07-0.1 dex in lu- 
minosity. However, because of its position it effectively 
moves parallel to the 9 Myr isochrone and thus does not 
affect the derived age for the primary, a Sco is a quadru- 
ple system discussed extensively by North et al. (2007). 
They report the system as a spectroscopic pair (which 
includes the primary), a tertiary B7 component and a 
B9.5V common proper motion companion separated by 
20". They deconstructed the spectroscopic pair into a 
Blin primary with a BIV secondary with AV ~ 0.80, 
and a system age of ^10 Myr using the Claret (2004) evo- 
lutionary models. Correcting our derived H-R diagram 
position for the magnitude of the secondary, we find that 
the primary moves down ~0.2 dex, which changes our 
derived age to 8 Myr for the primary. 

Unfortunately, the massive stars in Upper Scorpius do 
not trace a well-defined turn-off, even with corrections for 
known companions. Including the shifted H-R diagram 
positions when accounting for the binarity, we estimate 
the turnoff age from the following stars: w Sco (2 Myr), 
T Sco (2 Myr), Sco (9 Myr), 6 Sco (9 Myr), tt Sco 
(12 Myr), and a Sco (8 Myr). The median age for these 
stars is 9±3 Myr (68% C.L.) with Icr dispersion 4 Myr, 
midway between the previous age estimates of ^5 Myr 
and our value of ~13 Myr from the F-type members. 

While most current stellar evolutionary models have 
ignored rotation, theoretical studies have shown that a 
moderate rotational velocity of Veq ~200 km will in- 
crease main sequence lifetimes about 20-30%. (Meynet 
& Maeder 2000; Maeder & Meynet 2000; Talon et al. 
1997). This represents a significant difference in ages 
obtained with evolutionary tracks ignoring rotation vs. 
those which include a treatment of rotation. For this 
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Fig. 11. — Upper Sco main sequence turn-off plotted with the 
Ekstrom ct al. (2011) evolutionary tracks without rotation (dashed 
lines) and with v=0.4vbrcakup (solid lines). The crosses and circles 
represent the H-R diagram positions corrected and uncorrected for 
known binarity, respectively. 



reason, we also considered the evolutionary tracks of Ek- 
strom ct al. (2011) which include tracks for stars with 
and without rotation. It should be noted that neither 
the Bertelli et al. (1994) models nor the Ekstrom et al. 
(2011) models considered here include pre-main sequence 
evolution, but since the pre-main sequence evolution for 
a ^9 M0 star is ^^10^ yr (Iben 1965) the pre-main se- 
quence time can be safely neglected. Plotted in Figure 11 
is the H-R diagram positions of the US main sequence 
turnoff stars along with isochrones generated from the 
evolutionary tracks of Ekstrom et al. (2011) with no ro- 
tation (daslied lines) and those with a rotational veloc- 
ity equal to 40% of the breakup velocity. The median 
age with rotation at 40% of breakup is 10±2 Myr (68% 
C.L.) while the median age without is 9±2 Myr (68% 
C.L.). Since the US turnoff stars are rotating with a me- 
dian projected rotational velocity of <usim>=96 km s~^ 
(see Table 7) and < v^q >=^<wsim>, then the turnoff 
stars have < Veq >~120 km s^^. Using mass estimates 
from the Bertelli et al. (1994) tracks, we estimate the me- 
dian break-up velocity of the US turnoff stars as ~450 
km and thus the median observed rotational veloc- 
ity is ~25% of breakup. This is a significant median 
rotational velocity and indicates that rotation should be 
considered. Therefore we adopt the median age obtained 
with the rotating evolutionary tracks of 10±2 Myr (68% 
C.L.). 

Our Upper Sco turn-off age is much older than the age 
derived by the de Geus et al. (1989) study. We believe the 
major source of discrepancy between the de Geus et al. 
(1989) US turn-off ages and our US turn-off ages are the 
updated evolutionary tracks. If we use the de Geus et al. 
(1989) H-R diagram positions with the Bertelli et al. 
(1994) evolutionary tracks, we obtain a median age of 
9 Myr, the same age we obtain with our modern data 
(though our individual H-R diagram positions arc not 
the same as those in the de Geus et al. 1989 study). We 
also note that the use of evolutionary tracks which ac- 




log(TeH) 



Fig. 12. — The H-R diagram for M1.5Iab-Ib supergiant Antares 
(a Sco). The theoretical isochrones overlap in this region, but the 
best fit is lllf Myr using Bertelli et al. (1994) evolutionary tracks. 

count for rotation tends to increase the derived ages by 
~25% in general (Meynet & Maeder 2000). For example, 
the using the Ekstrom et al. (2011) rotating evolutionary 

tracks for a typical upper main sequence star in LCC and 
UCL gives an age ^30% older than ages derived with the 
Bertelli et al. (1994) evolutionary tracks. Revisiting the 
turn-off ages for UCL and LCC is beyond the scope of 
this paper, but may be considered in a future paper. 

5.3. Antares 

Antares {a Sco) is a rare M1.5Iab-Ib supergiant 
(Keenan & McNeil 1989) in Upper Scorpius. As the 
most massive secure member of US, it places tight con- 
straints on the age of the group. To estimate the H-R di- 
agram of Antares we use the updated temperature scale 
of Levesque et al. (2005) for red supergiants, together 
with the revised Hipparcos parallax (van Leeuwen 2007) 
of 7r=5.89±1.00 mas and the angular diameter measure- 
ment of 41.3±1.0 mas (Richichi & Lisi 1990). We ob- 
tain log(Toff)=3.569±0.009 dex (assuming spectral type 
uncertainty of 1 subtype), log(L/ L0)=4.99±O.15 dex. 
This H-R diagram position is plotted in Figure 12. With 
this H-R diagram position we obtain an initial mass of 
16.6 Mq and an age of lll^ Myr with the evolutionary 
tracks of Bertelli et al. (1994). However, just as with the 
main sequence turn-off stars, the main sequence lifetime 
of Antares was likely significantly altered by rotation 
and therefore we again consider the rotating evolution- 
ary tracks of Ekstrom et al. (2011), shown in Figure 13. 
Prom these rotating evolutionary tracks we obtain an ini- 
tial mass of 17.2 Mq and an age of 12^^ Myr, which we 
adopt as our final age for Antares. 

However, independent of this H-R diagram position 
we can still place constraints on the age of Antares using 
only the Tes derived from the spectral type. Using the 
previously mentioned Toff calibration for supergiants, a 
Tcff of 3710 K (log(Tcfl)=3.569) means that the age must 
be 9 Myr or more, since younger isochrones are not pre- 
dicted to reach temperatures that low. This is illustrated 
in Figure 12 with the placement of the 5 Myr isochrone 
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Fig. 13. — The H-R diagram for Antares with the rotating evo- 
lutionary tracks of Ekstrom et al. (2011). We adopt a final age of 
Antares of 12tf Myr. 

to the left. 

5.4. Ages of Upper Sco A-Type Stars 

We place the A-type stars of US on the H-R diagram as 
another independent age indicator. The F-type stars do 
not appear to be reaching the main sequence and thus we 
expect that sonic A-typc stars will be pre-main sequence 
and therefore useful as an age indicator. 

We use the kincmatically-sclccted A-type US members 
of de Zeeuw et al. (1999) and perform essentially the 
same analysis as used on the F-type stars. We estimate 
individual reddenings using the proccdtirc described in 
Section 4.2. We calculate a kinematic parallax, again 
using the revised Hipparcos astrometry if the solution is 
that of a single star and use the Tycho-2 proper mo- 
tions otherwise. We reject one star, HIP 77457, since its 
trigonometric parallax of 8.58±G.86 mas disagrees with 
the kinematic parallax of 5.10±0.42 mas by more than 
3(7. Our individual H-R diagram position data for the US 
A-type stars is listed in Table 8 and plotted in Figure 14. 
As with the F-type stars, we do not see the A-type stars 
clustered around the 5 Myr isochrone, but rather mostly 
between the 5 Myr and 12 Myr isochrones. 

While the A-typc stars in US have individual H-R 
diagram positions that arc too close to the main se- 
quence to yield reliable ages, we can examine the trend 
of the empirical isochrone and determine what ages are 
consistent with the ensemble. Shown in Figure 14 is 
the empirical isochrone, which we use to estimate the 
main sequence turn-on for Upper Sco at spectral type 
^A3 or log(Tof{)~3.93 dcx. Wc compare our empiri- 
cal isochrones with the Dotter et al. (2008) evolutionary 
models, noting that an age of 8 Myr is too young to bo 
consistent with the clump of stars at spectral type A3, 
and an age of 12 Myr is too old to be consistent with 
the clump of stars at spectral type A8-A9. Using these 
constraints, we estimate an age of 10±2 Myr with the 
Dotter et al. (2008) evolutionary tracks. We obtain sim- 
ilar age estimates with other evolutionary models, sum- 
marized in Table 9. For the A-type stars we adopt the 
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Fig. 14. — H-R diagram for Upper Sco A-type stars taken from 
de Zeeuw et al. (1999). Plotted for comparison arc 5, 8, 10, 12 
and 100 Myr isochrones (solid lines) from the Dotter et al. (2008) 
models. The star well above the 5 Myr isochrone is HD 150193 
(HIP 81624), a known Herbig Ae/Be star (Hernandez et al. 2005). 
While situated in de Zeeuw et al's Upper Sco "box", it appears 
to be associated with the Oph filamentaxy clouds L1729 and 1712, 
far from most of the other Upper Sco members. The thick solid 
line is an empirical isochrone constructed by taking the median 
luminosity over a 0.01 dex Tefi step size with a 0.035 dex window. 
Uncertainties in log(Teff) are determined assuming a spectral type 
uncertainty of 1 subtype. 

median age among all four evolutionary models consid- 
ered of 10±1±1 Myr (statistical, systematic). 

5.5. Ages of Upper Sco Pre-Main Sequence G-type Stars 

Revisited 

Since our F-type median ages for LCC and UCL agree 
very well with previous results obtained with the G-type 
pre-main sequence stars (Mamajek et al. 2002), we wish 
to directly compare our new results for Upper Scorpius 
with a similar sample of G-type stars in an attempt to re- 
solve this discrepancy in ages. We use the X-ray selected 
G-type stars from Prcibisch & Zinnecker (1999) and the 
kinematically selected G-type stars from de Zeeuw et al. 
(1999). Ages for the X-ray selected objects from the 
Preibisch & Zinnecker (1999) study had been estimated 
previously using UKST Schmidt plate photometry. How- 
ever, more precise Tycho-2 and 2MASS photometry are 
now available and thus we may be able to obtain a more 
reliable age estimate. Ages for the US G-type stars in the 
de Zeeuw et al. (1999) sample have not been previously 
examined. 

For the X-ray-selected sample we cross-reference the 
Preibisch & Zinnecker (1999) sample with the Tycho-2 
catalog (H0g et al. 2000) and select objects which have; 
proper motions within the de Zeeuw et al. (1999) proper 
motion boundaries for Upper Sco (i.e., < /x < 37 
mas yr~^). This leaves us with ten X-ray selected G- 
type US members. We correct for extinction using (B- 
V), (V-J), (V-H), and (V-K) colors from Tycho-2 and 
2MASS photometry, with the Tycho-2 photometry con- 
verted to .Johnson using the conversions found in Mama- 
jek et al. (2002, 2006). To estimate bolometric luminos- 
ity we use the converted V-band photometry, kinematic 



F-Type Members of Sco-Cen 



11 



1.5 




3.86 3.84 3.82 38 3 78 3.76 3.74 3.72 3.7 

log(Tefl) 



Fig. 15. — H-R diagram for Upper Sco G-typc stars taken from 
Preibisch & Zinnccker (1999) (solid triangles) and de Zecuw ct al. 
(1999) (solid circles) with Tyclio-2 proper motions within the de 
Zceuw et al. (1999) boundaries. F-type members (this work) are 
shown for continuity (crosses). Plotted for comparison are 5, 10, 
15, 20 and 30 Myr isochrones from the Dotter et al. (2008) models. 

distances using the Tycho-2 proper motions and tem- 
peratures and bolometric corrections listed in Table 3. 
For the kinematically-selected sample, we first identify 
two interlopers, HIP 83542 and HIP 81392. Houk & 
Smith-Moore (1988) classified HIP 83542 as G8/K0 III, 
a giant, and the H-R diagram position is well above 
the 1 Myr isochrones, consistent with this assessment. 
HIP 81392 and HIP 83542 both exhibit weak lithium 
absorption features, significantly lower than the other 
six kinematically-selected US candidates from de Zeeuw 
et al. (1999) and inconsistent with the youth of Upper 
Sco (E. Mamajek, private communication 2011). With 
these interlopers removed, we are then left with six G- 
type US members from de Zeeuw et al. (1999). For the 
de Zeeuw et al. (1999) G-type US candidate members we 
estimate extinction, Tes , distance, and bolometric lu- 
minosity using the same method as for the F-type stars 
as previously discussed. Our newly-derived extinctions, 
distances, and H-R data is listed in Table 10, with the 
H-R diagram for this analysis shown in Figure 15. 

For the 16 G-type members of Upper Sco described 
above, we find median ages of 8-14 Myr using the evo- 
lutionary tracks of Dotter et al. (2008), Demarque et al. 
(2004), Siess et al. (2000), and D'Antona & Mazzitelh 
(1997). Our derived ages for these G-type stars of Upper 
Sco arc summarized in Table 11, with an overall median 
age among all tracks of 9±2±3 Myr (statistical, system- 
atic). The kinematically-selected members are slightly 
more biased towards younger-ages than the X-ray se- 
lected members. However, this slight difference may be 
attributed to the brightness limits of the Hipparcos cata- 
log. The difference may not be significant, though, with 
such small numbers of members. 

5.6. Upper Sco Expansion Age 

One of the earlier published ages for US is an expan- 
sion age of ~5 Myr derived by Blaauw (1978). Deriving 
ages using kinematic data holds obvious appeal since it 



does not depend on stellar evolution models. However, 
Brown et al. (1997), performing simulations of expanding 
OB associations and analyzing the resulting simulated 
proper motion data, found major problems with kine- 
matic expansion ages which only rely on proper motion 
data. They found that expansion ages determined by 
tracing the proper motion of the stars back to their small- 
est configuration, as was performed in Blaauw (1978) to 
obtain the often quoted age of 5 Myr for US, always 
leads to underestimated ages and that all age estimates 
converge to ~4 Myr. Furthermore, they found that the 
initial size of the OB association provided by this method 
is always overestimated. The Brown et al. (1997) study 
found that kinematic expansion ages determined using 
proper motion data alone are essentially meaningless. 

Radial velocities must be considered in order to de- 
rive a meaningful expansion age. Given the availability 
of good quality trigonometric parallax and radial veloc- 
ity data and the findings of Brown et al. (1997), we re- 
visit the expansion age for US here;. Following Mamajek 
(2005), we adopt a Blaauw expansion model (Blaauw 
1956, 1964) which gives the observed radial velocity for 
parallel motion as 

Vobs = v'cosX + Kr + K 

Where v' is the centroid speed of the group, A is the 
angular distance to the convergent point, v'cosX = Upred 
is the predicted radial velocity with no expansion, k is 
the expansion term in units of km s~^ pc~^, r is the 
distance to the star in pc, and K is an offset term which 
may include intrinsic effects (e.g., convective blueshift 
or gravitational redshift). We then write the difference 
between the predicted and observed radial velocity as 

Vobs - Vpred = AVr = Kr + K 

so that K is the slope in the plot of AVh versus r: 

^(AVr) 

dr 

The expansion age in Myr is then 

where 7=1.0227 pc s Myr~^ km~^, a conversion factor. 

To determine the expansion age we have started with 
the entire de Zceuw ct al. (1999) sample for which ra- 
dial velocity measurements were available in the liter- 
ature (listed in Table 12), since these all have individ- 
ual trigonometric parallaxes. We have used radial ve- 
locities from Dahm et al. (2011), Chen et al. (2011), 
Gontcharov (2006), and Duflot et al. (1995). We limited 
the sample to those de Zeeuw et al. (1999) candidate 
members which have revised Hipparcos distances (van 
Leeuwen 2007)^^ within 50 pc of the mean US distance 
(145 pc, de Zeeuw et al. 1999). We also excluded candi- 
date members with radial velocities more than 20 km s"-'^ 
discrepant from the predicted radial velocities, as these 
are almost certainly non-members or unresolved bina- 
ries. Our Vpied is calculated using the new best esti- 
mate of the mean UVW motion of Upper Sco, detailed 

Distances are simply the inverse of the trigonometric parallax. 
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Fig. 16. — Distance (r) vs. the difference between the observed 
and predicted radial velocity (V^). The sample includes US candi- 
date members from dc Zceuw et al. (1999) within 50 pc of the mean 
US distance and with measured radial velocities within 20 km s^-"^ 
of the predicted value. If US is expanding, the closest members 
should be more blueshifted and the further members should be 
more redshifted. A series of Monte Carlo simulations gives a best- 
fit slope of K = — 0.01±0.04 km pc~^, which pletces a 99% 
confidence lower limit on the expansion age of 10.5 Myr. 

in Chen ct al. (2011). The 1-D velocity dispersion in US 
is 1.3 km s^^ (de Bruijne 1999b). In order to determine 
if there is evidence of expansion, we plot the distance r 
versus AVr in Figure 16. Expansion would be exhib- 
ited by a positive correlation between the distance and 
AVr, characterized by the slope (k) of a line fit to the 
data. To take into account the observational errors in dis- 
tance and radial velocity in fitting a line to the data, we 
performed a Monte Carlo simulation in which we added 
random Gaussian errors commensurate with each obser- 
vational error to the observed data point, and then we fit 
a line using an tmwcighted total least squares algorithm. 
We performed 50,000 trials and then used the median 
and la spread to quantify the effect of the uncertainties 
in the observational data on the slope. This yielded a 
Pearson-r of — 0.03±0.11 and a best-fit line with a slope 
of K = —0.01 ± 0.04 km s~^ pc~^. If we consider only 
models of expansion (i.e., k > 0), then the 99% con- 
fidence lower limit on the expansion age is 10.5 Myr. 
However, the results are statistically consistent with no 
expansion. For an expansion age of 5±2 Myr we would 
expect K = 0.20~^'^ Iq km s~^ pc~^, and an expansion age 
of 10±2 Myr would have k = 0.10 ± 0.02 km s^^ pc-\ 
Given that we are only able to obtain a lower limit on the 
expansion age for US and our expansion data are statis- 
tically consistent with no expansion, we do not consider 
our 99% confidence lower limit in the final age determi- 
nation for US. 

5.7. What is the best median age for Upper Sco? 

Every age indicator we have examined thus far has 
yielded an age of Upper Sco of 9-13 Myr, summarized 
in Table 13. The youngest median age comes from the 
G-type stars at ~9 Myr, and the oldest from the F-type 
stars at ~13 Myr, so we can conclude with confidence 



that US must be between 9 and 13 Myr old. Regard- 
ing each segment of the H-R diagram as independent, we 
simply take the mean age of our values - ~10 Myr for the 
main sequence turn-off, ~12 Myr for Antares, ~10 Myr 
for the A-type stars, ^13 Myr for the F-type members 
and ~9 Myr for the G-type members. This gives a final 
adopted age of 11±1 Myr (s.e.m., statistical) for Upper 
Sco, which is more than twice the currently accepted 
age (Preibisch et al. 2002). As each segment of the H-R 
diagram provides an independent age, we estimate our 
systematic uncertainty as the la dispersion of these in- 
dependent ages, which yields a systematic uncertainty of 
±2 Myr. 

5.8. Implications of an Older Upper Sco 

Upper Sco has been a benchmark stellar population 

in studies of circumstellar disk lifetimes (e.g.. Carpenter 
et al. 2006), but has a lower primordial disk fraction when 
compared to other stellar populations at 5 Myr (e.g., A 
Ori; Barrado y Navascues et al. 2007). Considered in 
the context of 11 Myr age, the observed primordial disk 
fraction is consistent with those of similarly-aged stellar 
populations (e.g., NGC 7160, Sicilia-Aguilar et al. 2006). 
Our detailed analysis of the isochronal ages for massive 
and intermediate-mass Upper Sco stars may be indicative 
that the ages of similarly aged groups may also be due 
for further investigation and significant revision. Naylor 
(2009) have also found evidence that the nuclear ages for 
massive stars in <10 Myr-old groups are typically 1.5 
2x the pre-MS contraction ages. In particular, Naylor 
(2009) finds that two of Upper Sco's '^S-Myr-old siblings 
(NGC 2362 and Cep 0B3b, each with pre-MS ages of 4.5 
Myr) have best fit isochronal ages for the massive stars 
of 9.1 Myr and 10 Myr, respectively. In this regard the 
doubling of Upper Sco's age does not seem surprising. 
Naylor (2009) have proposed that the nuclear ages may 
be the more correct ones, and that protoplanetary disks 
may correspondingly have nearly twice as long to form 
gas giant planets as previously believed. 

In addition to circumstellar disk studies. Upper Sco has 
been the subject of many surveys for low-mass compan- 
ions (e.g., Lafreniere et al. 2008; Ireland et al. 2011). A 
low-mass companion to [PZ99] J160930.3-210459i2 ^a,s 
discovered at a very large separation by Lafreniere et al. 
(2008). The mass^ of this companion was determined 
to be 8 Mjup using the assumed age of 5 Myr. However, 

12 Ahhough the star is commonly called IRXS ,1160929.1-210524 
or IRXS 1609, this is technically not an appropriate name. IRXS 
is one of the acronyms used for ROSAT X-ray sources, however it 
refers to the X-ray source itself rather than any optical counterpart, 
as sometimes there may be multiple plausible optical counterparts 
(hence why one does not normally encounter stars called by IRXS 
names in the literature, but by "RX J" names or others). The 
likely optical counterpart (star) was first identified as a pre-MS 
Upper Sco member in Preibisch et al. (1998) (listed as GSC 621,3- 
1358), and later was referred to as "Upper Sco 160930.3-210459" 
in Preibisch & Zinncckcr (1999). SIMBAD standardized the "Up- 
per Sco" names to "[PZ99] ,1" to comply with lAU guidelines for 
position-based names, and the [PZ99] J-names arc now in common 
use. 

^'^ This companion was considered the first directly imaged 
cxoplanct orbiting a Sun-like star. The discoverers consid- 
ered the companion a "planet" (Lafreniere et al. 2010) based 
on their calculated mass and demonstration of common mo- 
tion, following the lAU Working Group on Extrasolar Planets 
(WGESP) definition, which defined a planet as "objects with 
true masses below the limiting mass for thermonuclear fusion of 
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we use our revised age for Upper Sco of 11 Myr and the 
object's reported Tgff of 1800±200 K (Lafreniere et al. 
2010) to obtain a mass of 13^3 Mjup using the DUSTY 
models (Chabrier et al. 2000; Baraffe et al. 2002). Al- 
ternatively, using the object's bolomctric luminosity of 
log(L/L0)=-3.55±O.2 (Lafreniere et al. 2010) and' the 
11 Myr age we estimate a mass of 14^3 Mjup, con- 
sistent with the estimates from Teff . Here we follow 
Lafreniere et al. (2010) and adopt the estimates from 
the luminosity, listed in Tabic 14. Similarly, a compan- 
ion to GSC 06214-00210 was discovered by Ireland et al. 
(2011) and thought to have a mass of ^14 Mjup at an 
age of 5 Myr. However, at an age of 11 Myr the mass is 
shghtly higher at 17±3 Mjup, using the DUSTY models 
and the estimated absolute magnitudes Mj ^-^10.5, M^f 
~9.6, Mk 9.1 (Ireland ct al. 2011). The substcUar 
companion to HIP 78530 (Lafreniere ct al. 2011) was es- 
timated to have a mass of ~21-26 Mjup with an assumed 
age of 5±1 Myr. We use the bolometric luminosity of 
log(L/L0) = -2.55±0.13 (Lafreniere et al. 2011) and our 
revised age of 11 Myr to obtain a mass for HIP 78530B 
of sots'" Mjup- The substellar companion to the young 
brown dwarf UScoCTIO 108 has a mass of 14^1 Mjup 
with an assimicd age of 5 6 Myr (Bcjar et al. 2008). 
Using the reported luminosity of log(L/ L0)=-3.14±O.2O 
(Bejar et al. 2008) and our revised age of 11 Myr, we 
estimate a mass of 16±2 Mj^p for UScoCTIO 108b. The 
substellar binary Oph J1622-2405 initially had compo- 
nent mass estimates of ~14 Mjup and ~7 Mj^p based 
on an assumed age of 1 Myr (Jayawardhana & Ivanov 
2006). However, foUowup spectroscopic studies (Allers 
et al. 2007; Close et al. 2007; Luhman et al. 2007) found 
higher masses. Here we estimate the masses using the 
effective temperatures from Luhman et al. (2007) with 
our revised age of 11 Myr and find masses of 53^^ Mjup 
and 21±3 Mj^p for Oph J1622-2405A and Oph J1622- 
2405B, respectively, with the DUSTY models. This is in 
agreement with the results from Luhman et al. (2007), 
who used H-R diagram positions with the DUSTY mod- 
els for their mass estimates. The revised mass estimates 
discussed above are summarized in Table 14. Hence, 
we believe that none of the substellar companions di- 
rectly imaged in Upper Sco have inferred masses below 
the deuterium-burning limit. 

Sco-Cen has been used as an example of triggered star 
formation, with supernova in UCL/LCC triggering star 
formation in US and supernova in US triggering star for- 
mation in p Oph (de Geus 1992; Preibisch & Zinnecker 
1999). The UCL shell has an expansion velocity of 10±2 
km s~^ and radius 110±10 pc, suggesting it originated in 
UCL ~11 Myr ago and passed through US about 4 Myr 
ago (de Geus 1992). However, given the revised age es- 

deuterium (currently calculated to be 13 Jupiter masses for ob- 
jects of solar metallicity) that orbit stars or stellar remnants"; 
see http;//www.dtm. ciw.edu/boss/definition. html and Boss et al. 
2007. Recent work by Spiegel et al. (2011) shows that objects 
with protosolar composition and masses of >11.9 Mjup can burn 
at least 10% of their initial deuterium over 10 Gyr. Hence, fol- 
lowing the definition of "planet" and "brown dwarf" adopted by 
the lAU and the discoverers, the companion should probably be 
best considered a "brown dwarf". Given that the GSC or [PZ99] 
designation should be preferred over the IRXS name, and brown 
dwarf companion should probably be called "GSC 06213-01358 B" 
or "[PZ99] J160930.3-210459 B" . 



timates for US, it docs not seem likely that the passage 
of this superbubble would have triggered star formation 
in US since it would have arrived too late. However, this 
does not mean that star formation in US was not trig- 
gered by UCL, it simply means that the timescales and 
ages are not consistent with the arrival of the UCL shell 
in US as the triggering event. Similarly, the shell arotmd 
US has an expansion velocity of 10±2 km s~^ and a ra- 
dius of 40±4 pc, consistent with an age for the shell of 
~4 Myr. At 10 km s~^ it would have traveled the ~15 pc 
from US to p Oph in about 1.5 Myr. With the revised 
11 Myr age for US and p Oph ages of ^-^2-3 Myr (Erickson 
et al. 2011), there is sufficient time for star formation in 
p Oph to IvAxc hvAm triggered by the US shell. 

Another important implication of our result is to drive 
down the inferred progenitor mass for the runaway young 
neutron star RX J1856.5-3754. Tetzlaff et al. (2011) 
claim that RX J1856 formed in Upper Sco and was 
ejected 0.5 Myr ago. Assuming a progenitor mass of 5 
Myr, Tetzlaff et al. (2011) predicted that the progenitor 
would have had a mass of ^37-45 Mq and main sequence 
spectral type of 05-07. Smartt (2009) reviewed the ob- 
servational and theoretical constraints on the supernovae 
and their progenitors, and suggests that progenitors with 
masses of >30 Mq almost certainly form black holes, not 
neutron stars. However, if the progenitor of J1856 was a 
10.5 Myr-old star when it exploded 0.5 Myr ago, then the 
progenitor was most likely a ~18-20 Mq 09-type star 
(using the Ekstrom et al. 2011 tracks), with the remnant 
being either a neutron star or black hole (likely depend- 
ing on the rotation or whether it was in an interacting 
binary; Smartt 2009). Indeed, if the empirically con- 
strained set of supernova outcomes outlined by Smartt 
(2009) are correct, and if one adopts the previous age 
of 5 Myr, then the deceased high mass stars in Upper 
Sco should have all turned into black holes. This would 
leave the "young" neutron star RX J1856 with a well 
constrained distance and proper motion but without a 
plausible birth site. We conclude that the RX J1856 run- 
away scenario is more plausible if Upper Sco is 11 Myr, 
and the progenitor would have been a much easier to 
form ~18-20 Mq star rather than a rarer ~37-45 Mq 
star. 

6. CONCLUSIONS 
We can summarize our conclusions as follows: 

1. The pre-main sequence "turn-on" for UCL and 
LCC occur near spectral type ~F2 and ^F4. re- 
spectively. The F-type members of US appear to 
be all pre-main sequence. Examining the A-type 
members of US allows us to estimate the pre-main 
sequence turn-on for US to be near spectral type 
~A3. 

2. The good agreement between the isochronal ages of 
F-type stars studied here and the G- and K-type 
stars studied in Mamajek et al. (2002) provides 
greater confidence in those ages, and more firmly 
establishes that UCL is slightly younger than, or 
roughly coeval with, LCC. In order of youngest 
to oldest: Upper Scorpius (US), Upper Centaurus- 
Lupus (UCL), Lower Centaurus-Crux (LCC). 
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3. The median ages obtained with the pre- main se- 
quence F-type members (those later than F5) 
for UCL and LCC agree with previous results for 
early B-type stars and pre-main sequence G-type 
stars. (Mamajek et al. 2002), with median ages of 
16±1 Myr and 17±1 Myr, respectively. 

4. The F-type members have a median isochronal age 
of 13±i Myr (68% C.L.) for US, which is much 
older than previous results. Using the approximate 
pre-main sequence turn-on point with the A-type 
stars allows us to estimate an age of 10±3 Myr. Re- 
examining the early B-type stars and the G-type 
pre-main sequence stars in US yields median ages 
of 10±2 Myr and 9±2 Myr, respectively. Age es- 
timates for the M1.5Iab-Ib supergiant US member 
Antares give 12+^ Myr. Considering these to be 
independent estimates, we obtain an overall mean 
age for Upper Sco of 11±1±2 Myr (statistical, sys- 
tematic) with the uncertainty in the mean age 
dominated by systematic differences between the 
isochronal ages inferred from different mass ranges. 

5. We find a 99% confidence lower limit on the kine- 
matic expansion age for Upper Sco of 10.5 Myr us- 
ing trigonometric parallax and radial velocity data. 
However, the astrometry and radial velocities are 
statistically consistent with no expansion. 

6. Based on Ha emission accretion diagnostics, we es- 
timate a spectroscopic accretion disk fraction of 
0/17 (<19%; 95% C.L.) in US, consistent with the 
Spitzer results of Carpenter et al. (2006) of 0/30 
(<11%; 95% C.L.) for F- and G-type stars. In 
UCL we find 1/41 {2t\Vo; 68% C.L.) accretors and 
in LCC we find 1/50 (2+^%; 68% C.L.) accretors, 



which are both consistent with the spectroscopic 
accretion disk fraction for the G- and K-type mem- 
bers of UCL and LCC from Mamajek et al. (2002) 
for G- and K-type stars. 

7. The revised age of 11 Myr for Upper Sco may ex- 
plain the lower than expected disk fraction com- 
pared to 5 Myr groups (e.g., A Ori; Barrado y 
Navascues et al. 2007). We reevaluate the masses of 
the known substellar companions in Upper Sco us- 
ing available published data and our revised age of 
11 Myr, and find that inferred masses are typically 
~20-70% more massive than previously estimated. 
All of the imaged companions thus far appear 
to be more massive than the deuterium-burning 
limit and so none of the companions are in the 
planetary-mass regime. In addition to larger sub- 
stellar masses, the older age for Upper Sco implies 
a more realistic, lower progenitor mass of ~18- 
20 M0 for the young neutron star RX J1856.5- 
3754. 
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TABLE 1 

Input Observables For Sco-Cen Candidate Members 



03 



HIP Group 


2MASS 


Ma* /i« V 


B-V 


J 


H 


Ks 


PM 






(mas yr~^) (mas yr~^) (mag) 


(mag) 


(mag) 


(mag) 


(mag) 


Ref. 



55334 
56227 
56673 

57595 
57950 
58075 
58146 
58167 
58220 
58528 
58899 
59084 
59481 
59603 
59693 
59716 
59764 
59781 
59960 
60205 
60245 
60348 
60513 
60567 
61049 
61086 
61087 
62032 
62056 
62134 
62171 
62427 
62428 
62431 
62657 
62674 
62677 
63022 
63041 
63272 
63435 
63439 
63527 
63836 
63886 
63975 
64044 
64184 
64316 
64322 
64877 
64995 
65136 
65617 
65875 



LCC 
LCC 
LCC 

LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 



11195276- 
11313495- 
11371464- 

11482700- 
11530799- 
11543559- 
11552884- 
11554354- 
11562655- 
12000940- 
12044446- 
12070066- 
12115882- 
12132235- 
12142864- 
12145071- 
12151855- 
12152822- 
12175319- 
12204420- 
12211172- 
12222484- 
12241829- 
12245491- 
12304626- 
12311262- 
12311264- 
12425487- 
12430803- 
12440192- 
12442659- 
12473870- 
12473920- 
12474180- 
12501971- 
12503322- 
12503583- 
12545378- 
12550391- 
12575777- 
12595641- 
12595987- 
13010436- 
13045944- 
13053261- 
13063577- 
13073350- 
13091620- 
13105627- 
13105901- 
13175541- 
13191952- 
13205161- 
13271219- 
13300897- 



■7037065 
■6743545 
■6940272 

■5409185 
■5643381 
■5443572 
■6211471 
■5410506 
■5849168 
■5707021 
■5221156 
■5941408 
■5046124 
■5653356 
■4736461 
■5547235 
■6325301 
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■5558319 
■5215249 
■4803192 
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■5200157 
■5811168 
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■5817511 
■5825558 
■4951488 
■4730552 
■6805288 
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■6338267 
■5236546 
■5054350 
■5023224 
■5308084 
■4723485 
■5832078 
■4602018 
■5254198 
■6018300 
■5147063 
■6205157 
6100388 
■5928202 
■4843196 
■5938142 
■5829043 



-43.28±0.66 
-41.49±0.61 
-42.40±1.30 

-27.60±2.00 
-38.41±0.71 
-29.38±0.83 
-34.95±0.46 
-36.17±0.73 
-37.38±0.74 
-38.71±0.74 
-36.98±0.74 
-29.18±0.77 
-33.35±0.71 
-33.18±0.90 
-27.43±0.98 
-37.40±1.80 
-36.66±0.79 
-20.00±1.90 
-38.79±0.58 
-25.33±1.37 
-27.94±0.69 
-35.30±1.20 
-28.77it0.70 
-28.72±1.43 
-38.21±0.78 
-24.20±2.40 
-35.53±0.66 
-26.30±0.94 
-29.40±1.88 
-30.30±0.93 
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-31.16±0.92 
-38.09±0.76 
-33.50±2.00 
-32.43±0.96 
-40.04±0.56 
-26.41±1.32 
-26.86±0.67 
-38.32it0.69 
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-7.27±0.75 
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12.21±0.56 
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-8.38±1.30 
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-8.54±0.56 
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12.72±0.72 
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2.60±2.30 
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-7.43±1.39 


10.48 


-9.96±0.81 


8.62 


12.97±0.83 


8.90 


-8.15±0.70 


9.28 


14.18±0.33 


6.95 


-4.30±1.40 


8.02 


16.47±0.59 


8.91 


11.52±0.95 


10.27 


15.20±1.90 


9.36 


10.69±0.88 


9.77 


11.97±0.57 


8.05 


13.67±0.50 


8.40 


-9.20±0.74 


9.21 


12.37±0.55 


9.14 


16.81±0.41 


7.79 


17.66±0.64 


9.00 


16.39±0.63 


8.15 


18.30±1.90 


7.48 


19.08±0.69 


8.83 


19.31±0.50 


8.20 


11.09±1.39 


10.19 


12.75±0.61 


8.23 


16.45±0.69 


8.47 


17.81±0.56 


8.23 


16.23±0.68 


9.23 


13.03±0.91 


9.60 


18.64±0.63 


8.08 



0.413±0.004 
0.316±0.017 
0.518±0.006 

0.475±0.024 
0.401±0.016 
0.418±0.019 
0.391±0.012 
0.404±0.013 
0.443±0.013 
0.484±0.018 
0.416±0.012 
0.230±0.015 
0.426±0.011 
0.425±0.014 
0.542±0.030 
0.480±0.014 
0.605±0.016 
0.573±0.015 
0.458±0.003 
0.521±0.042 
0.387±0.014 
0.490±0.014 
0.414±0.014 
0.541±0.028 
0.518±0.013 
0.441±0.069 
0.504it0.010 
0.345±0.016 
0.523±0.067 
0.408±0.015 
0.445±0.018 
0.454±0.023 
0.261±0.005 
0.379±0.009 
0.502±0.014 
0.420±0.020 
0.535±0.030 
0.402±0.029 
O..383±0.004 
0.351±0.011 
0.489±0.018 
0.413±0.018 
0.358±0.015 
0.447±0.023 
0.404it0.001 
0.405±0.021 
0.540it0.014 
0.445±0.015 
0.493±0.055 
0.436±0.015 
0.456±0.015 
0.398±0.015 
0.391±0.020 
0.549±0.019 
0.498±0.015 



7.319±0.024 
7.779±0.027 
5.688±0.024 

8.512±0.027 
7.467±0.024 
8.228±0.056 
7.051±0.020 
7.473±0.024 
7.672±0.021 
7.707±0.029 
7.597±0.018 
7.932±0.023 
7.704±0.030 
7.699±0.019 
8.632±0.024 
7.516±0.019 
7.246±0.026 
7.821±0.030 
6.946±0.030 
9.120±0.023 
8.165±0.023 
7.950±0.023 
7.687±0.023 
8.698±0.029 
7.465±0.021 
9.836±0.023 
7.012±0.021 
8.054±0.019 
9.453±0.023 
7.879±0.020 
8.048±0.027 
8.363±0.026 
6.418±0.021 
7.250±0.021 
8.002±0.023 
9.460±0.024 
8.314±0.019 
9.050±0.021 
7.339±0.032 
7.684±0.024 
8.239±0.023 
8.278±0.023 
7.055±0.018 
8.090±0.026 
7.387±0.023 
6.725±0.026 
7.823±0.029 
7.403±0.019 
9.297±0.027 
7.419±0.026 
7.622±0.032 
7.504±0.023 
8.519±0.030 
8.642±0.021 
7.166±0.023 



7.153±0.027 
7.683±0.036 
5.459±0.024 

8.285±0.047 
7.312±0.027 
7.997±0.047 
6.914±0.024 
7.361±0.051 
7.490±0.034 
7.480±0.047 
7.421±0.034 
7.775±0.026 
7.564±0.047 
7.520±0.033 
8.360±0.034 
7.357±0.034 
6.960±0.027 
7.538±0.033 
6.759±0.038 
8.868±0.025 
8.015±0.038 
7.7.59±0.038 
7.498±0.047 
8.469±0.044 
7.189±0.024 
9.729±0.025 
6.819±0.027 
7.925±0.051 
9.205±0.022 
7.730±0.027 
7.828±0.053 
8.172±0.036 
6.376±0.031 
7.084±0.038 
7.830±0.057 
9.321±0.023 
8.155±0.033 
8.902±0.022 
7.210±0.031 
7.557±0.049 
8.001±0.031 
8.145±0.051 
6.938±0.038 
7.892±0.036 
7.297±0.040 
6.594±0.027 
7.614±0.038 
7.226±0.023 
9.072±0.023 
7.250±0.049 
7.411±0.036 
7.385±0.036 
8.421±0.069 
8.398±0.026 
6.973±0.040 



7.084±0.021 
7.612±0.021 
5.326±0.023 

8.215±0.024 
7.276±0.027 
7.925±0.027 
6.833±0.027 
7.284±0.020 
7.390±0.023 
7.423±0.029 
7.346±0.033 
7.710±0.021 
7.508±0.021 
7.433±0.031 
8.300±0.023 
7.280±0.024 
6.850±0.021 
7.504±0.027 
6.683±0.026 
8.827±0.022 
8.003±0.038 
7.671±0.021 
7.457±0.026 
8.386±0.033 
7.072±0.024 
9.653±0.019 
6.740±0.024 
7.896±0.024 
9.138±0.019 
7.708±0.026 
7.748±0.024 
8.122±0.029 
6.294±0.020 
6.987±0.029 
7.717±0.024 
9.294±0.023 
8.109±0.025 
8.852±0.019 
7.137±0.031 
7.456±0.016 
7.988±0.033 
8.039±0.021 
6.860±0.017 
7.868±0.029 
7.223±0.027 
6.489±0.024 
7.513±0.021 
7.163±0.031 
9.012±0.021 
7.194±0.031 
7.408±0.031 
7.337±0.023 
8.326±0.024 
8.360±0.023 
6.897±0.029 



H 
H 
T 
T 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
T 
H 
T 
H 
H 
H 
T 
H 
H 
H 
T 
H 
H 
H 
H 
H 
H 
H 
T 
H 
H 
T 
H 
H 
H 
H 
H 
H 
H 
H 
T 
H 
H 
H 
H 
H 
H 
H 
H 
H 
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TABLE 1 — Continued 



HIP Group 


2MASS 


11 a * 


/'^ 


V 


B-V 


J 


H 


K.s 


PM 






(mas yr ') 


(iiias 


1 (luaK) 


(mag) 


(maK) 


(iiiagj 


(mag) 





66285 
67068 
67230 
67428 
67497 
67957 
67970 
68335 
68534 
69291 
69327 
69720 
70350 
70376 
70558 
70689 
70833 
71023 
71767 
72033 
72099 
72164 
73666 
73667 
73742 
73913 
74499 
74772 
74865 
74959 
75367 
75459 
75480 
75491 
75683 
75824 
75891 
75933 
76084 
76457 
76501 
76875 
77038 
77432 
77502 
77520 
77713 
77780 
77813 
78043 
78233 
78555 
78663 
78881 
78977 
79054 



LCC 

LCC 

LCC 

LCC 

UCL 

UCL 

UCL 

UCL 

LCC 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

UCL 

US 

UCL 

US 

UCL 

US 

UCL 

US 

US 



13350807- 
13444395- 
13463539- 
13490922- 

13495450- 
13550129- 
13550999- 
13591805- 
14014704- 
14105961- 
14111998- 
14161698- 
14233787- 
14235639- 
14255851- 
14273044- 
14290715- 
14313339- 
14404593- 
14440435- 
14445687- 
14453753- 
15033194- 
15033198- 
15042588- 
15061795- 
15132796- 
15165338- 
15175611- 
15190542- 
15240425- 
15245612- 
15250939- 
15251605- 
15274232- 
15292309- 
15300427- 
15303404- 
15322013- 
15365348- 
15372791- 
15415321- 
15434763- 
15482478- 
15493198- 
15493963- 
15515975- 
15525514- 
15532089- 
15560561- 
15582930- 
16021853- 
16033342- 
16060937- 
16071778- 
16081050- 



5821593 
4917577 
6204096 
5413422 

5014238 
5045020 
5044429 
5153342 
6118459 
3616016 
5437560 
5349021 
4357426 
5029585 
4449232 
5231304 
4321427 
4445019 
4247063 
4059223 
3422537 
4001493 
3122343 
4035230 
4758374 
3524222 
3308502 
4934175 
3028414 
3621440 
4109416 
3730055 
2634310 
3809286 
3614131 
4009499 
4107101 
3829463 
3108337 
3810511 
3229060 
3453199 
3528298 
4237049 
3115396 
3846391 
3449414 
4548032 
1923535 
3653345 
2124039 
3516117 
3008133 
3802180 
2203364 
2351024 



-33.80±1.70 
-28.64±0.83 
-29.97±0.60 
-22.29±1.06 

-29.34±0.59 
-24.64±1.11 
-27.18±0.87 
-27.67±0.60 
-12.20dzl.70 
-24.71±0.87 
-33.70±0.79 
-27.15±0.81 
-29.41±0.75 
-28.10±2.00 
-21.35±1.10 
-30.80±0.72 
-28.98±0.94 
-22.50±1.19 
-16.74±1.08 
-20.25±1.35 
-16.38d=1.97 
-18.10d=1.70 
-27.23±0.80 
-20.80±1.40 
-20.57±0.79 
-19.63±0.88 
-25.94±1.06 
-13.70±1.70 
-22.19±1.34 
-24.59±1.29 
-21.28±1.50 
-15.10±1.30 
-21.79±0.99 
-20.12±0.96 
-21.56±2.34 
-19.37±1.17 
-19.78±1.03 
-22.77±0.94 
-18.87±0.98 
-25.70±1.20 
-22.85±1.27 
-21.26±1.25 
-17.23±1.60 
-16.36±1.19 
-14.33±1.09 
-16.02±1.75 
-20.73±1.32 
-27.80±1.55 
-10.88±1.56 
-18.60±1.66 
-7.89±1.51 
-15.50±1.26 
-14.49±1.18 
-14.90±1.30 
-10.59±1.34 
-12.67±0.96 



-13.40±1.30 
-21.77±0.65 
-20.59±0.66 
-17.72±0.91 

-20.63±0.50 
-16.06±0.82 
-19.51±0.65 
-22.13±0.51 
-20.00±1.70 
-20.29±0.77 
-26.23±0.61 
-17.69±0.79 
-29.20±0.72 
-18.10±1.80 
-17.16±0.89 
-24.32±0.88 
-20.16±1.04 
-17.76±0.80 
-20.68±1.32 
-21.30±1.34 
-20.16±1.68 
-13.40±1.60 
-27.60±0.63 
-12.60±1.20 
-26.96±0.78 
-19.83±0.67 
-27.75±0.87 
-18.91±1.57 
-28.20±0.98 
-25.59±1.24 
-18.57±1.18 
-35.20±1.30 
-31.31±0.80 
-23.34±0.83 
-25.34±1.91 
-17.33±1.05 
-25.70±0.97 
-19.28±0.92 
-21.85dz0.89 
-33.90±1..30 
-28.98±1.10 
-27.76±1.05 
-22.63±1.27 
-30.31±1.02 
-21.90±0.94 
-25.33±1.29 
-19.13±1.38 
-29.64±1.14 
-27.39±1.22 
-24.26±1.50 
-20.75±1.17 
-30.86±0.97 
-23.37±1.05 
-26.30±1.70 
-25.74±1.00 
-19.71±0.83 



8.34 
8.45 
8.03 
8.91 

8.40 
9.23 
8.70 
8.43 
9.32 
8.61 
8.54 
8.81 
8.13 
9.20 
9.06 
8.53 
8.82 
8.94 
9.02 
9.17 
9.66 
8.86 
7.94 
8.82 
8.61 
8.71 
8.77 
9.82 
8.89 
9.37 
10.26 
8.51 
8.33 
8.45 
9.47 
8.81 
8.62 
8.91 
8.62 
8.18 
8.62 
8.37 
9.15 
8.96 
8.89 
9.25 
9.15 
9.13 
9.25 
8.97 
9.06 
8.64 
8.91 
8.03 
8.70 
9.16 



0.533±0.003 
0.401±0.015 
0.474±0.007 
0.520±0.018 

0.377±0.012 
0.592±0.024 
0.427±0.018 
0.489±0.013 
0.400±0.495 
0.411±0.015 
0.348±0.014 
0.391±0.017 
0.569±0.015 
0.662±0.031 
0.394±0.029 
0.373±0.015 
0.423±0.017 
0.394±0.019 
0.496±0.023 
0.635±0.035 
0.540±0.040 
0.433±0.107 
0.534±0.015 
0.471±0.018 
0..589±0.018 
0.340±0.015 
0.461±0.024 
0.435±0.048 
0.511±0.047 
0.469±0.026 
0.427±0.067 
0.500±0.495 
0.404±0.018 
0.416±0.017 
0.473±0.015 
0.465±0.017 
0.437±0.016 
0.481±0.015 
0.446±0.001 
0..396±0.015 
0.501±0.019 
0.397±0.006 
0.478±0.023 
0.434±0.020 
0.444±0.021 
0.440±0.015 
0.450±0.024 
0.590±0.020 
0.739±0.020 
0.474±0.020 
0.513±0.020 
0.387±0.018 
0.496±0.020 
0.523±0.015 
0.654±0.022 
0.501±0.026 



7.316±0.021 
7.686±0.029 
7.136±0.027 
7.938±0.024 

7.708±0.026 
8.050±0.020 
7.874±0.024 
7.528±0.029 
8.421±0.020 
7.849±0.026 
7.868±0.021 
8.048±0.021 
7.006±0.023 
8.041±0.020 
8.334±0.029 
7.802±0.024 
8.020±0.023 
8.185±0.027 
8.096±0.023 
8.024±0.035 
8.651±0.018 
8.222±0.021 
6.900±0.021 
7.919±0.029 
7.517±0.020 
8.003±0.023 
7.878±0.023 
8.894±0.026 
8.064±0.020 
8.393±0.018 
9.118±0.021 
7.692±0.019 
7.566±0.024 
7.622±0.021 
8.608±0.030 
7.958±0.023 
7.793±0.024 
7.959±0.024 
7.764±0.026 
7.454±0.024 
7.722±0.024 
7.606±0.019 
8.223±0.024 
8.112±0.019 
8.088±0.029 
8.324±0.027 
8.322±0.024 
8.176±0.019 
7.782±0.026 
8.153±0.021 
7.994±0.021 
7.926±0.023 
7.973±0.026 
7.083±0.019 
7.543±0.027 
8.149±0.024 



7.068±0.036 
7.520±0.029 
6.931±0.027 
7.713±0.042 

7.568±0.049 
7.763±0.036 
7.695±0.046 
7.325±0.049 
8.225±0.024 
7.729±0.044 
7.746±0.031 
7.905±0.034 
6.723±0.031 
7.718±0.026 
8.155±0.029 
7.622±0.059 
7.841±0.040 
8.085±0.046 
7.834±0.049 
7.743±0.036 
8.426±0.024 
8.105±0.059 
6.724±0.029 
7.698±0.034 
7.263±0.021 
7.838±0.040 
7.732±0.051 
8.772±0.024 
7.901±0.044 
8.223±0.033 
8.888±0.025 
7.489±0.033 
7.433±0.042 
7.473±0.057 
8.414±0.036 
7.763±0.033 
7.608±0.024 
7.771±0.047 
7.562±0.031 
7.299±0.023 
7.570±0.059 
7.471±0.038 
8.028±0.031 
7.939±0.051 
7.927±0.031 
8.131±0.034 
8.160±0.033 
7.969±0.024 
7.418±0.049 
7.974±0.042 
7.811±0.046 
7.816±0.047 
7.784±0.047 
6.881±0.034 
7.146±0.047 
7.909±0.040 



7.036±0.024 
7.475±0.029 
6.888±0.021 
7.631±0.023 

7.516±0.024 
7.658±0.033 
7.676±0.020 
7.215±0.026 
8.168±0.020 
7.666±0.018 
7.705±0.020 
7.856±0.020 
6.680±0.021 
7.661±0.021 
8.128±0.027 
7.510±0.023 
7.787±0.020 
7.974±0.024 
7.770±0.023 
7.578±0.017 
8.397±0.025 
7.986±0.031 
6.641±0.029 
7.673±0.027 
7.216±0.017 
7.826±0.036 
7.651±0.024 
8.687it0.020 
7.808±0.021 
8.154±0.029 
8.825±0.019 
7.450±0.024 
7.376±0.026 
7.431±0.026 
8.374±0.024 
7.770±0.027 
7.566±0.021 
7.719±0.027 
7.507±0.027 
7.234±0.017 
7.516±0.023 
7.410±0.023 
7.918±0.029 
7.872±0.027 
7.874±0.029 
7.996±0.026 
8.113±0.021 
7.914±0.024 
7.302±0.024 
7.940±0.020 
7.690±0.033 
7.734±0.027 
7.702±0.024 
6.790±0.018 
7.047±0.031 
7.828±0.024 



T 
H 
H 
H 

H 
H 
H 
H 
T 
H 
H 
H 
H 
T 
H 
H 
H 
H 
H 
H 
H 
T 
H 
T 
H 
H 
H 
H 
H 
H 
H 
T 
H 
H 
H 
H 
H 
H 
H 
T 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
T 
H 
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TABLE 1 — Continued 



00 



HIP 




2MASS 






V 


B-V 


J 


H 




PM 










(iiiils yr ■ j 


(^lliilS ■ j 


(mag) 




(mag) 


(mag) 


("I'loj 


i> t i. 


79083 


us 


16083514-2045296 


-9.28±1.61 


-24.61±1.04 


8.41 


0.605±0.020 


7.094±0.030 


6.773±0.042 


6.677±0.026 


H 


79097 


us 


16084366- 


-2522367 


-13.28±1.01 


-22.78±0.77 


8.76 


0.520±0.019 


7.601±0.027 


7.328±0.042 


7.254±0.026 


H 


79258 


US 


16103595- 


-3245427 


-6.00±1.20 


-18.97±1.02 


9.32 


0.475±0.028 


8.433±0.026 


8.228±0.034 


8.206±0.034 


H 


79288 


US 


16105511- 


-2531214 


-11.44±0.99 


-25.71±0.77 


8.97 


0.463±0.020 


8.081±0.023 


7.949±0.031 


7.882±0.020 


H 


79369 


US 


16115551- 


-2106179 


-7.38±1.73 


-22.49itl.29 


8.97 


0.489±0.020 


7.855±0.021 


7.652±0.038 


7.562±0.026 


H 


79516 


UCL 


16133433- 


-4549035 


-20.06±1.18 


-28.84±1.18 


8.91 


0.458±0.019 


8.021±0.029 


7.851±0.046 


7.792±0.024 


H 


79606 


US 


16144016- 


-2014030 


-17.28±1.49 


-28.79±1.12 


9.14 


0.755±0.020 


7.526±0.029 


7.235±0.051 


7.072±0.023 


H 


79643 


us 


16150927- 


-2345348 


-8.27±2.06 


-23.27±1.19 


9.53 


0.568±0.015 


8.363±0.029 


8.146±0.049 


8.028±0.018 


H 


79644 


us 


16151045- 


-2207099 


-9.57±1.96 


-21.07±1.44 


10.20 


0.742±0.058 


8.897±0.021 


8.658±0.049 


8.539±0.025 


H 


79673 


UCL 


16153714- 


-4138585 


-20.46±1.15 


-28.03±1.12 


8.84 


0.410±0.015 


8.047±0.024 


7.904±0.024 


7.839±0.033 


H 


79710 


UCL 


16160384- 


-4904293 


-19.85±1.16 


-30.60±0.83 


8.42 


0.358±0.017 


7.774±0.021 


7.648±0.029 


7.605±0.026 


H 


79742 


UCL 


16162838- 


■3844123 


-17.12±1.73 


-30.21±1.52 


9.16 


0.492±0.028 


8.275±0.018 


8.061±0.038 


8.065±0.016 


H 


79908 


UCL 


16183856- 


-3839117 


-25.21±1.61 


-34.60±1.29 


9.05 


0.601±0.021 


8.010±0.020 


7.769±0.047 


7.689±0.024 


H 


79910 


US 


16183914- 


-2135341 


-10.91±1.46 


-25.94±1.30 


9.00 


0.569±0.020 


7.838±0.021 


7.612±0.031 


7.542±0.023 


H 


79977 


US 


16192923- 


-2124132 


-10.93±1.09 


-26.24±0.98 


9.09 


0.492±0.020 


8.062±0.019 


7.854±0.031 


7.800±0.024 


H 


80586 


US 


16271252- 


-2711219 


-14.00±1.50 


-22.80±1.40 


8.20 


0.473±0.001 


7.419±0.019 


7.270±0.046 


7.193±0.026 


T 


80663 


UCL 


16280830- 


-4654043 


-9.49±2.57 


-20.12±2.20 


10.20 


0.519±0.043 


9.028±0.021 


8.813±0.023 


8.742±0.021 


H 


80896 


US 


16311105- 


-2959523 


-15.26±1.49 


-25.40±0.92 


8.53 


0.433±0.015 


7.693±0.019 


7.548±0.063 


7.452±0.021 


H 


80921 


UCL 


16312848- 


-4455439 


-11.12±2.15 


-20.32±1.88 


10.31 


0.475±0.062 


9.039±0.021 


8.819±0.024 


8.761±0.025 


H 


81455 


US 


16381081- 


-2940401 


-7.04±1.62 


-25.64±1.15 


9.15 


0.465±0.020 


8.256±0.021 


8.046±0.034 


8.036±0.018 


H 


81851 


us 


16430538- 


-2627307 


-12.88±1.34 


-33.34±0.95 


8.44 


0.406±0.015 


7.693±0.027 


7.566±0.044 


7.508±0.021 


H 


82218 


US 


16474733- 


-1952319 


-15.01±1.26 


-26.27±0.87 


9.05 


0.485±0.020 


8.057±0.027 


7.887±0.036 


7.800±0.029 


H 


82319 


us 


16491221- 


-2242416 


-6.40±1.40 


-22.60±1.40 


8.89 


0.427±0.028 


8.050±0.024 


7.900±0.031 


7.883±0.036 


T 


82534 


us 


16521331- 


-2655108 


-13.09±1.02 


-29.15±0.73 


8.30 


0..386±0.018 


7.600±0.026 


7.430±0.040 


7.370±0.033 


H 


82569 


UCL 


16524171- 


-3845372 


-8.30±1.06 


-23.00±0.82 


8.85 


0.461±0.015 


7.913±0.029 


7.727±0.047 


7.558±0.023 


H 


82747 


UCL 


16544485- 


-3653185 


-8.91±2.11 


-29.61±1.51 


9.21 


0.746±0.040 


7.676±0.026 


7.059±0.033 


6.503±0.020 


H 


83159 


UCL 


16594248- 


-3726168 


-8.31±1.40 


-29.11±1.01 


9.02 


0.395±0.032 


8.148±0.026 


7.961±0.031 


7.916±0.017 


H 



Note. — 



Proper motion references: (H) - van Leeuwen (2007), (T) - H0g et al. (2000) 
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TABLE 2 

Spectral Standard Stars Used for Classification 



Standcird 


Spectral 
Type 


B-V 
(mag) 


Instrument /Source 


References 


HD 


158352 


A8 V 


0.237 


SMARTS 1.5m/Rochcstcr 


1, 


A 


HD 


73450 


A9 V 


0.251 


SMARTS 1.5m/Rochester 


2, 


B 


HD 


23585 


FO V 


0.291 


SMARTS 1.5m/NStars 


3, 


C 


HD 


27397 


FO IV 


0.283 


SMARTS 1.5m/Stony Brook 


3, 


A 


HD 


89025 


FO HIa 


0.307 


SMARTS 1.5m/Rochester 


3, 


A 


HD 


167858 


Fl V 


0.312 


SMARTS 1.5m/Rochester 


4, 


A 


HD 


113139 


F2 V 


0.368 


DSO/NStars 


3, 


A 


HD 


40535 


F2 HI-IV 


0.333 


SMARTS 1.5m/Stony Brook 


4, 


A 


HD 


26015 


F3 V 


0.397 


SMARTS 1.5m/Stony Brook 


3, 


A 


HD 


27561 


F4 V 


0.412 


SMARTS 1.5m/Rochester 


5, 


A 


HD 


27524 


F5 V 


0.434 


SMARTS 1.5m/Rochester 


3, 


A 


HD 


17918 


F5 III 


0.457 


SMARTS 1.5m/Stony Brook 


7, 


A 


HD 


30652 


F6 IV-V 


0.484 


SMARTS 1.5m/Stony Brook 


3, 


A 


HD 


160365 


F6 III-IV 


0.567 


SMARTS 1.5m/Nstars 


3, 


A 


HD 


222368 


F7 V 


0.507 


SMARTS 1.5m/Stony Brook 


3, 


A 


HD 


27808 


F8 V 


0.518 


SMARTS 1.5m/Stony Brook 


3, 


A 


HD 


220657 


F8 III 


0.617 


SMARTS 1.5m/Stony Brook 


3, 


A 


HD 


10647 


F9 V 


0.551 


SMARTS 1.5m/Stony Brook 


6, 


A 


HD 


109358 


GO V 


0.588 


DSO/Nstars 


3, 


A 


HD 


6903 


GO HIa 


0.697 


SMARTS 1.5m/Stony Brook 


3, 


A 



Note. — Notes: Spectral Type sources: (1) Comdcy ot al. (1969): (2) Gray & Corbally (2002); (3) Gray ct al. (2001); (4) Gray & Garrison 
(1989); (5) Morgan & Hiltner (1965); (6) Gray et al. (2006); (7) Gray (1989); B-V color sources: (A) van Leeuwen (2007); (B) Neckel & Klare 
(1980); (C) Mermilliod (2006); 



Pecaut et al. 
TABLE 3 

Intrinsic Colors of Dwarfs and Adopted T^s, BC Values 



Spectral Type U-B 


B-V 


V-Io 


V-J 


V-H 


V-Ks 




(mag) 


(mag) 


(mag) 


(mag) 


(mag) 


(mag) 


(mag) (K) 



AOV 


-0, 


.014 


0, 


.000 


0, 


.004 


0, 


.046 


0, 


.014 


0, 


.042 


-0, 


.17 


9550 


AlV 


0, 


,033 


0, 


.043 


0, 


.044 


0, 


.094 


0, 


.070 


0, 


.101 


-0, 


.11 


9200 


A2V 


0, 


,063 


0, 


.074 


0, 


.092 


0, 


.167 


0, 


.158 


0, 


.192 


-0, 


.05 


8760 


A3V 


0, 


,077 


0. 


.090 


0, 


.110 


0, 


.197 


0, 


.196 


0, 


.231 


-0, 


.02 


8550 


A4V 


0. 


.097 


0. 


.140 


0. 


.165 


0, 


.296 


0, 


.318 


0. 


.355 


0. 


.00 


8270 


A5V 


0. 


.100 


0. 


.160 


0. 


.187 


0, 


.334 


0, 


.366 


0. 


.404 


0. 


.01 


8080 


A6V 


0. 


.098 


0. 


.170 


0. 


.198 


0, 


.355 


0, 


.391 


0. 


.429 


0. 


.02 


8000 


A7V 


0. 


.091 


0. 


.210 


0, 


.242 





.433 





.488 


0, 


.528 


0, 


.04 


7800 


A8V 


0, 


.082 


0, 


.253 


0, 


.291 


0, 


.512 


0, 


.589 


0, 


.632 


0, 


.04 


7500 


A9V 


0, 


.080 


0, 


.255 


0, 


.294 


0, 


.517 


0, 


.595 


0, 


.638 


0, 


.04 


7440 


FOV 


0, 


,053 


0, 


.294 


0, 


.339 


0, 


.589 


0, 


.687 


0, 


.732 


0, 


.03 


7200 


FIV 


0, 


,013 


0, 


.343 


0, 


.396 


0, 


.678 


0, 


.802 


0, 


.850 


0, 


.03 


7030 


F2V 


-0, 


.008 


0, 


.374 


0, 


.432 


0, 


.735 


0, 


.875 


0, 


.925 


0, 


.01 


6810 


F3V 


-0, 


.016 


0, 


.389 


0, 


.449 


0, 


.763 


0, 


.910 


0, 


.961 


0, 


.01 


6720 


F4V 


-0, 


.026 


0, 


.412 


0, 


.476 


0, 


.806 


0, 


.965 


1, 


.017 


0, 


.00 


6640 


F5V 


-0, 


.029 


0, 


.438 


0, 


.506 


0, 


.852 


1, 


.025 


1, 


.079 


0, 


.00 


6510 


F6V 


-0, 


.021 


0. 


.484 


0, 


.553 


0, 


.929 


1, 


.128 


1, 


.185 


-0, 


.01 


6340 


F7V 


-0, 


.012 


0. 


.510 


0. 


.579 


0, 


.971 


1, 


.184 


1. 


.244 


-0, 


.02 


6240 


F8V 


0. 


.000 


0. 


.530 


0. 


.599 


1, 


.004 


1, 


.229 


1. 


.290 


-0, 


.03 


6150 


F9V 


0. 


.014 


0. 


.552 


0. 


.620 


1, 


.040 


1, 


.277 


1. 


.340 


-0 


.04 


6040 


GOV 


0. 


.049 


0. 


.588 


0, 


.656 


1, 


.097 


1, 


.355 


1. 


.421 


-0 


.05 


5940 


GIV 


0, 


.067 


0, 


.604 


0, 


.672 


1, 


.123 


1, 


.390 


1, 


.458 


-0, 


.06 


5880 


G2V 


0, 


.120 


0, 


.642 


0, 


.706 


1, 


.185 


1, 


.473 


1, 


.545 


-0, 


.07 


5780 


G3V 


0, 


.152 


0, 


.661 


0, 


.722 


1, 


.217 


1, 


.516 


1, 


.590 


-0, 


.08 


5700 


G4V 


0, 


.175 


0, 


.674 


0, 


.733 


1, 


.239 


1, 


.546 


1. 


.621 


-0, 


.10 


5640 


G5V 


0, 


.185 


0, 


.680 


0, 


.738 


1, 


.249 


1, 


.559 


1. 


.635 


-0, 


.10 


5620 


G6V 


0, 


.229 


0, 


.704 


0, 


.759 


1, 


.290 


1, 


.614 


1. 


.693 


-0, 


.11 


5580 


G7V 


0, 


.243 


0, 


.713 


0, 


.766 


1, 


.303 


1, 


.632 


1, 


.712 


-0, 


.12 


5520 


G8V 


0, 


.284 


0, 


.737 


0, 


.786 


1, 


.344 


1, 


.686 


1, 


.768 


-0, 


.13 


5490 


G9V 


0. 


.358 


0. 


.777 


0, 


.820 


1, 


.409 


1, 


.774 


1, 


.861 


-0, 


.17 


5340 



TABLE 4 

Stellar Parameters for F-type Sco-Cen Members 



HIP 


Group 


SpGctr3,l 




EWrHry") 


Atz 






Mass 


Age 


Mass 


Age 


Mass 


Age 


Mass 


Age 


Median 






Tvne 






D08 


D08 


YY04 


YY04 


soo 


SOO 


DM97 


DM97 


Mass 












(mag; 
















(_iviyr; 








55334 


LOG 


F2V 


12.63±0.90 


4.7 


0.12±0.01 


3.833±0.006 


0.49±0.06 


1.5* 


>19 


1.5* 


>22 


1.6* 




1.5* 


>25 


1.5 


56673 


LGC 


F5IVe 


11.95±0.90 


-1.9 


0.20±0.05 


3.814±0.011 


1.18±0.07 


2.0 


5 


2.0 


5 


2.0 


7 


2.0 


5 


2.0 


57950 


LGC 


F3V 


10.79±0.73 


4.9 


0.04±0.01 


3.827±0.005 


0.55±0.06 


1.4 


23 


1.4 


27 


1.6* 


>20 


1.5* 


>14 


1.5 


58075 


LOG 


F2V 


8.13±0.57 


5.1 


0.14±0.04 


3.833±0.006 


0.53±0.06 


1.5* 


>14 


1.5* 


>15 


1.6* 


>30 


1.5* 


>17 


1.5 


58146 


LGC 


F3V 


9.67±0.65 


5.1 


0.04±0.02 


3.827±0.005 


0.80±0.06 


1.5 


13 


1.6 


13 


1.6 


13 


1.6 


10 


1.6 


58167 


LGC 


F2V 


9.96±0.67 


5.2 


0.09±0.02 


3.833±0.006 


0.62±0.06 


1.5 


19 


1.5 


21 


1.6* 


>16 


1.5 


22 


1.5 


58220 


LGC 


F4V 


10.39±0.71 


4.3 


0.08±0.04 


3.822±0.009 


0.51±0.06 


1.4 


23 


1.4 


28 


1.5* 


>22 


1.5* 


>15 


1.5 


58528 


LGC 


F5V 


10.68±0.72 


4.3 


0.04±0.06 


3.814±0.011 


0.44±0.06 


1.4 


21 


1.4 


26 


1.5* 


>23 


1.4* 


>15 


1.4 


58899 


LGC 


F3V 


10.12±0.66 


5.1 


0.08±0.02 


3.827±0.005 


0.56±0.06 


1.4 


21 


1.4 


24 


1.6* 


>19 


1.5* 


>13 


1.5 


59084 


LGC 


FIV 


8.38±0.58 


5.4 


0.04±0.20 


3.845±0.012 


0.61±0.10 


1.6* 


>12 


1.6* 


>14 


1.6* 


>14 


1.6* 


>12 


1.6 


59481 


LGC 


F3V 


8.99±0.58 


4.9 


0.02±0.05 


3.827±0.005 


0.61±0.06 


1.5 


15 


1.5 


18 


1.5 


40 


1.5 


18 


1.5 


59603 


LGC 


F4V 


8.86±0.60 


3.9 


0.08±0.03 


3.822±0.009 


0.61±0.06 


1.4 


16 


1.5 


17 


1.5 


24 


1.5 


16 


1.5 


59693 


LGC 


F7IV 


7.07±0.49 


3.9 


0.13it0.04 


3.795it0.007 


0.38±0.06 


1.2 


20 


1.3 


19 


1.3 


40 


1.3 


18 


1.3 


59716 


LOG 


F5V 


10.11±0.79 


4.5 


0.11±0.02 


3.814±0.011 


0.55±0.07 


1.3 


17 


1.4 


18 


1.4 


27 


1.4 


16 


1.4 


59764 


LGC 


F8V 


10.11±0.68 


3.0 


0.25±0.05 


3.788±0.007 


0.63±0.06 


1.4 


12 


1.5 


11 


1.4 


15 


1.4 


12 


1.4 


59960 


LGG 


F5V 


10.52±0.67 


4.4 


0.04±0.02 


3.814±0.011 


0.75±0.06 


1.5 


13 


1.6 


12 


1.5 


14 


1.5 


12 


1.5 


60205 


LGG 


F7V 


6.76±0.54 


3.9 


0.01±0.03 


3.795±0.007 


0.23±0.07 


1.2 


32 


1.2 


83 


1.4* 


>62 


1.3* 


>19 


1.3 


60245 


LGC 


FIV 


7.23±0.46 


5.2 


0.10±0.03 


3.845±0.012 


0.66±0.06 


1.5 


23 


1.5 


29 


1.6* 


>18 


1.6* 


>13 


1.5 


60348 


LGC 


F5V 


9.34±0.64 


4.3 


0.06±0.06 


3.814±0.011 


0.46±0.07 


1.4 


18 


1.4 


22 


1.5* 


>20 


1.4* 


>15 


1.4 


60513 


LGC 


F4V 


8.05±0.53 


5.0 


0.04±0.02 


3.822±0.009 


0.70±0.06 


1.4 


15 


1.6 


14 


1.5 


15 


1.5 


13 


1.5 


60567 


LGC 


F8V 


7.54±0.58 


3.5 


0.09±0.03 


3.788±0.007 


0.28±0.07 


1.2 


23 


1.2 


22 


1.4* 


>22 


1.2 


22 


1.2 


61049 


LGC 


F8V 


10.28±0.66 


3.6 


0.17±0.12 


3.788±0.007 


0.52±0.07 


1.3 


15 


1.4 


15 


1.4 


18 


1.3 


15 


1.3 


61087 


LGC 


F6V 


9.72±0.63 


4.1 


0.06±0.01 


3.802±0.007 


0.75±0.06 


1.5 


11 


1.6 


11 


1.5 


14 


1.6 


9 


1.5 


62032 


LGC 


A9V 


6.62±0.45 


6.7 


0.25±0.02 


3.872±0.017 


0.85±0.06 


1.6 


15 


1.7 


16 


1.7 


20 


1.6 


13 


1.6 


62134 


LGC 


F2V 


7.79±0.51 


6.0 


0.02±0.05 


3.833±0.006 


0.68±0.06 


1.5 


14 


1.6 


15 


1.5 


23 


1.5 


14 


1.5 


62171 


LGC 


F3V 


8.99±0.58 


5.1 


0.17±0.03 


3.827±0.005 


0.50±0.06 


1.4 


30 


1.5* 


>15 


1.6* 


>30 


1.5* 


>17 


1.5 


62427 


LGC 


F5V 


7.70±0.52 


4.8 


0.09±0.03 


3.814±0.011 


0.45±0.06 


1.4 


18 


1.4 


25 


1.5* 


>23 


1.4* 


>15 


1.4 


62431 


LGC 


FIV 


7.42±0.64 


6.1 


0.13±0.04 


3.845±0.012 


1.00±0.08 


1.6 


10 


1.7 


9 


1.7 


10 


1.7 


9 


1.7 


62657 


LGC 


F5V 


9.59±0.59 


4.3 


0.13±0.05 


3.814±0.011 


0.42±0.06 


1.3 


26 


1.3 


33 


1.5* 


>30 


1.4* 


>16 


1.4 


62677 


LGC 


F5IV-V 


8.39±0.72 


4.3 


0.25±0.04 


3.814±0.011 


0.41±0.08 


1.3 


29 


1.3 


43 


1.5* 


>25 


1.4* 


>15 


1.4 


63041 


LGC 


FIV 


10.38±0.65 


5.8 


0.07±0.04 


3.845±0.012 


0.67±0.06 


1.5 


21 


1.5 


24 


1.6* 


>16 


1.5 


23 


1.5 


63272 


LGC 


FIV 


8.80±0.53 


5.6 


0.05±0.03 


3.845±0.012 


0.67±0.05 


1.5 


21 


1.5 


25 


1.6* 


>17 


1.5 


25 


1.5 


63435 


LGC 


F6V 


7.35±0.47 


4.5 


0.04±0.03 


3.802±0.007 


0.50±0.06 


1.3 


18 


1.4 


17 


1.4 


19 


1.3 


16 


1.3 


63439 


LGC 


F4V 


7.35±0.49 


4.9 


0.04±0.04 


3.822±0.009 


0.53±0.06 


1.4 


20 


1.4 


23 


1.5* 


>19 


1.5* 


>14 


1.5 


63527 


LGC 


FIV 


8.34±0.49 


5.4 


0.06±0.02 


3.845±0.012 


0.96±0.05 


1.6 


10 


1.7 


10 


1.7 


11 


1.7 


9 


1.7 


63836 


LGC 


F6V 


8.30±0.50 


4.4 


0.00±0.03 


3.802±0.007 


0.47±0.05 


1.3 


19 


1.4 


18 


1.4 


28 


1.3 


17 


1.3 


63886 


LGC 


F3V 


10.09±0.62 


5.1 


0.00±0.05 


3.827±0.005 


0.63±0.06 


1.5 


15 


1.5 


15 


1.5 


25 


1.5 


17 


1.5 


63975 


LGC 


F2V 


8.77±0.67 


5.1 


0.07±0.03 


3.833±0.006 


1.05±0.07 


1.7 


8 


1.8 


8 


1.7 


9 


1.8 


8 


1.8 


64044 


LGG 


F6IV 


8.89±0.55 


3.1 


0.14±0.03 


3.802±0.007 


0.53±0.06 


1.3 


17 


1.4 


17 


1.4 


18 


1.4 


16 


1.4 


64184 


LGC 


F4V 


10.84±0.65 


5.0 


0.02±0.04 


3.822±0.009 


0.56±0.06 


1.4 


16 


1.4 


19 


1.5* 


>16 


1.4 


27 


1.4 


64322 


LGC 


F2V 


7.29±0.46 


4.7 


0.13±0.03 


3.833±0.006 


0.93±0.06 


1.6 


10 


1.7 


10 


1.7 


11 


1.7 


9 


1.7 


64877 


LGC 


F4V 


10.10±0.61 


4.8 


0.11±0.04 


3.822±0.009 


0.55±0.06 


1.4 


17 


1.4 


20 


1.5* 


>17 


1.5* 


>13 


1.5 


64995 


LGG 


F3V 


9.11±0.55 


5.5 


0.00±0.05 


3.827±0.005 


0.69±0.06 


1.5 


14 


1.6 


14 


1.5 


17 


1.5 


13 


1.5 


65136 


LGC 


FOV 


7.12±0.43 


6.2 


0.19±0.06 


3.855±0.010 


0.57±0.06 


1.6* 


>24 


1.6* 




1.7* 




1.6* 




1.6 


65617 


LGC 


F6V 


7.29±0.50 


3.6 


0.09±0.06 


3.802±0.007 


0.37±0.07 


1.3 


22 


1.3 


21 


1.5* 


>19 


1.3 


27 


1.3 


65875 


LGC 


FOV 


8.60±0.52 


4.1 


0.00±0.03 


3.802±0.007 


0.80±0.05 


1.6 


10 


1.6 


10 


1.5 


12 


1.6 


9 


1.6 


67068 


LGC 


F3V 


8.03±0.46 


4.7 


0.02±0.02 


3.827±0.005 


0.72±0.05 


1.4 


14 


1.6 


14 


1.6 


15 


1.5 


13 


1.5 


67230 


LGC 


F5V 


8.55±0.51 


4.4 


0.09±0.02 


3.814±0.011 


0.86±0.05 


1.6 


11 


1.6 


11 


1.6 


12 


1.6 


9 


1.6 


67428 


LGC 


F6IV 


6.44±0.42 


4.1 


0.09±0.02 


3.802±0.007 


0.76±0.06 


1.5 


11 


1.6 


11 


1.5 


13 


1.6 


9 


1.5 


67497 


UCL 


F2V 


9.28±0.65 


5.3 


0.00±0.03 


3.833±0.006 


0.61±0.06 


1.5 


20 


1.5 


23 


1.6* 


>16 


1.4 


37 


1.5 


67957 


UCL 


F9V 


7.57±0.58 


3.6 


0.19±0.06 


3.781±0.007 


0.54±0.07 


1.4 


13 


1.5 


12 


1.4 


17 


1.4 


13 


1.4 


67970 


UCL 


F3V 


8.62±0.62 


4.2 


0.10±0.02 


3.827±0.005 


0.59±0.06 


1.5 


16 


1.5 


19 


1.6* 


>15 


1.4 


24 


1.5 


68335 


UCL 


F5V 


9.13±0.64 


3.1 


0.13±0.03 


3.814±0.011 


0.66±0.06 


1.4 


15 


1.5 


13 


1.5 


15 


1.5 


13 


1.5 


68534 


LGC 


F2V 


4.89±0.52 


5.0 


0.23±0.37 


3.833±0.006 


0.88±0.17 


1.6 


11 


1.6 


11 


1.6 


12 


1.6 


9 


1.6 
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HIP 


Group 


Sl'npp+T'al 




EW(Hq!) 




^'-'&v, ^ en 




Mass 


Age 


Mass 


A p'e 


Mass 


A p'e 


Mass 




A^IecliarL 






Tvne 












DOS 


D08 


YY04 


YY04 


soo 


soo 


DM97 


DM97 


Mass 








(^mas J 




(mag) 


(aex ) 






(Myrj 


lM0j 


(Myrj 




(Myrj 




(Myrj 


(,M0j 


69291 


UCL 


F3V 


7.58±0.51 


5.7 


0.00±0.05 


3.827±0.005 


0.70±0.06 


1.5 


14 


1.6 


14 


1.6 


16 


1.5 


13 


1.5 


69720 


UCL 


F3V 


8.27±0.59 


5.0 


O.OOiO.Ol 


3.827±0.005 


0.54±0.06 


1.4 


24 


1.4 


28 


1.6* 


>20 


1.5* 


>14 


1.5 


70350 


UCL 


F8V 


10.02±0.66 


3.2 


0.16±0.04 


3.788±0.007 


0.72±0.06 


1.6 


10 


1.6 


10 


1.5 


13 


1.6 


9 


1.6 


70376 


UCL 


F9V 


8.28±0.73 


3.1 


0.24±0.06 


3.781±0.007 


0.50±0.08 


1.3 


14 


1.4 


14 


1.3 


18 


1.3 


14 


1.3 


70558 


UCL 


FIV 


6.63±0.49 


5.9 


0.12±0.04 


3.845±0.012 


0.68±0.07 


1.5 


20 


1.5 


22 


1.6* 


>14 


1.5 


21 


1.5 


70689 


UCL 


F2V 


9.85±0.68 


5.2 


0.02±0.04 


3.833±0.006 


0.51±0.06 


1.5* 


>17 


1.5* 


>18 


1.6* 




1.5* 


>18 


1.5 


71023 


UCL 


F2V 


6.90±0.51 


5.5 


0.05±0.03 


3.833±0.006 


0.67±0.07 


1.5 


14 


1.6 


15 


1.5 


25 


1.5 


17 


1.5 


71767 


UCL 


F4V 


6.28±0.49 


4.5 


0.26±0.04 


3.822±0.009 


0.80±0.07 


1.5 


12 


1.6 


12 


1.6 


13 


1.6 


10 


1.6 


72033 


UCL 


F7V 


6.92±0.53 


2.7 


0.29±0.06 


3.795±0.007 


0.68±0.07 


1.5 


12 


1.5 


11 


1.5 


14 


1.4 


12 


1.5 


72099 


UCL 


F6V 


5.98±0.55 


4.0 


0.13±0.03 


3.802±0.007 


0.54±0.08 


1.3 


17 


1.4 


17 


1.4 


18 


1.4 


15 


1.4 


72164 


UCL 


F2IV 


5.22±0.51 


5.5 


0.00±0.12 


3.833±0.006 


0.92±0.10 


1.6 


11 


1.6 


10 


1.7 


11 


1.7 


9 


1.7 


73666 


UCL 


F3IV 


8.84±0.56 


5.5 


0.38±0.03 


3.827±0.005 


0.98±0.06 


1.7 


9 


1.7 


9 


1.7 


10 


1.7 


8 


1.7 


73667 


UCL 


F4V 


5.43±0.47 


4.8 


0.15±0.02 


3.822±0.009 


0.96±0.08 


1.7 


9 


1.7 


9 


1.7 


10 


1.7 


8 


1.7 


73742 


UCL 


F9V 


8.04±0.54 


3.5 


0.08±0.02 


3.781±0.007 


0.70±0.06 


1.6 


9 


1.6 


10 


1.5 


13 


1.6 


9 


1.6 


73913 


UCL 


FIV 


6.40±0.43 


5.8 


0.04±0.03 


3.845±0.012 


0.82±0.06 


1.6 


12 


1.6 


14 


1.6 


14 


1.6 


12 


1.6 


74499 


UCL 


F4V 


8.66±0.57 


4.5 


0.12±0.02 


3.822±0.009 


0.56±0.06 


1.4 


16 


1.5 


19 


1.5* 


>16 


1.4 


25 


1.4 


74772 


UCL 


F3V 


5.53±0.52 


4.6 


0.17±0.04 


3.827±0.005 


0.55±0.08 


1.4 


22 


1.4 


25 


1.6* 


>15 


1.5* 


>13 


1.5 


74865 


UCL 


F4V 


8.16±0.55 


4.4 


0.07±0.12 


3.822±0.009 


0.55±0.08 


1.4 


17 


1.4 


20 


1.5* 


>15 


1.4 


39 


1.4 


74959 


UCL 


F6V 


8.11±0.57 


3.9 


0.02±0.04 


3.802±0.007 


0.35±0.06 


1.3 


23 


1.3 


24 


1.5* 


>26 


1.3 


39 


1.3 


75367 


UCL 


F9V 


6.44±0.51 


3.5 


0.11±0.23 


3.781±0.007 


0.24±0.12 


1.1 


24 


1.2 


23 


1.4* 


>19 


1.2 


22 


1.2 


75459 


UCL 


F3V 


8.43±0.60 


4.8 


O.llitO.ll 


3.827±0.005 


0.69±0.08 


1.5 


14 


1.6 


14 


1.5 


17 


1.5 


13 


1.5 


75480 


UCL 


F2V 


8.65±0.55 


5.4 


0.04±0.03 


3.833±0.006 


0.71±0.06 


1.5 


14 


1.6 


14 


1.6 


18 


1.5 


13 


1.5 


75491 


UCL 


F2V 


7.07±0.47 


4.3 


0.12±0.01 


3.833±0.006 


0.87±0.06 


1.5 


12 


1.6 


12 


1.6 


12 


1.6 


9 


1.6 


75683 


UCL 


F6V 


7.60±0.66 


4.5 


0.00±0.03 


3.802±0.007 


0.35±0.08 


1.3 


23 


1.3 


23 


1.5* 


>19 


1.3 


35 


1.3 


75891 


UCL 


F3V 


7.47±0.51 


5.4 


0.12±0.02 


3.827±0.005 


0.75±0.06 


1.5 


13 


1.6 


13 


1.6 


14 


1.5 


12 


1.5 


75933 


UCL 


F3V 


6.71±0.46 


4.7 


0.26±0.02 


3.827±0.005 


0.79±0.06 


1.5 


13 


1.6 


13 


1.6 


13 


1.5 


12 


1.5 


76084 


UCL 


FIV 


6.56±0.45 


5.4 


0.30it0.03 


3.845it0.012 


0.93±0.06 


1.6 


11 


1.7 


11 


1.7 


11 


1.7 


9 


1.7 


76457 


UCL 


F3V 


9.73±0.65 


5.3 


0.00±0.03 


3.827±0.005 


0.65±0.06 


1.5 


15 


1.5 


15 


1.5 


22 


1.5 


14 


1.5 


76501 


UCL 


F3V 


8.39±0.57 


5.0 


0.19±0.08 


3.827±0.005 


0.68±0.07 


1.5 


14 


1.6 


14 


1.5 


18 


1.5 


13 


1.5 


76875 


UCL 


F2V 


7.96±0.54 


5.1 


0.04±0.02 


3.833±0.006 


0.77±0.06 


1.5 


13 


1.6 


14 


1.6 


14 


1.5 


13 


1.6 


77038 


UCL 


F5V 


6.48±0.50 


4.7 


0.12±0.03 


3.814±0.011 


0.66±0.07 


1.4 


15 


1.5 


13 


1.5 


15 


1.5 


13 


1.5 


77432 


UCL 


F5V 


7.84±0.54 


4.7 


O.OOitO.Ol 


3.814±0.011 


0.53±0.06 


1.3 


17 


1.4 


19 


1.4 


37 


1.4 


16 


1.4 


77502 


UCL 


F4V 


5.94±0.42 


4.7 


0.00±0.05 


3.822it0.009 


0.80±0.06 


1.5 


13 


1.6 


12 


1.6 


13 


1.6 


10 


1.6 


77520 


UCL 


F4V 


6.83±0.53 


4.8 


0.16±0.07 


3.822±0.009 


0.60±0.07 


1.4 


16 


1.5 


17 


1.5 


28 


1.5 


16 


1.5 


77713 


UCL 


F4V 


6.28±0.49 


5.2 


0.03±0.04 


3.822±0.009 


0.66±0.07 


1.4 


15 


1.5 


14 


1.5 


17 


1.5 


13 


1.5 


77780 


UCL 


F7V 


9.33±0.65 


3.9 


0.00±0.12 


3.795±0.007 


0.32±0.08 


1.2 


22 


1.3 


23 


1.4* 


>20 


1.3 


23 


1.3 


77813 


US 


F9V 


7.97±0.70 


3.1 


0.59±0.10 


3.781±0.007 


0.65±0.09 


1.5 


10 


1.5 


10 


1.4 


14 


1.5 


11 


1.5 


78043 


UCL 


F4V 


6.95±0.55 


5.1 


0.04±0.08 


3.822±0.009 


0.64±0.08 


1.4 


15 


1.5 


14 


1.5 


20 


1.5 


14 


1.5 


78233 


US 


FOIV 


5.96±0.56 


6.2 


0.67±0.04 


3.855±0.010 


0.99±0.08 


1.6 


10 


1.7 


10 


1.8 


10 


1.7 


9 


1.7 


78555 


UCL 


FIV 


7.78±0.52 


5.3 


0.06±0.04 


3.845±0.012 


0.68±0.06 


1.5 


20 


1.5 


22 


1.6* 


>14 


1.5 


20 


1.5 


78663 


US 


F6V 


7.11±0.59 


4.6 


0.03±0.02 


3.802±0.007 


0.65±0.07 


1.4 


14 


1.5 


12 


1.5 


15 


1.4 


14 


1.4 


78881 


UCL 


F4V 


6.86±0.55 


3.9 


0.25±0.05 


3.822±0.009 


1.12±0.07 


1.9 


7 


1.9 


7 


1.8 


8 


1.9 


7 


1.9 


78977 


US 


F8V 


7.53±0.64 


3.1 


0.38±0.08 


3.788±0.007 


0.83±0.08 


1.7 


8 


1.7 


8 


1.6 


11 


1.6 


8 


1.7 


79054 


US 


F3V 


6.24±0.53 


5.4 


0.35±0.05 


3.827±0.005 


0.78±0.08 


1.5 


13 


1.6 


13 


1.6 


13 


1.5 


12 


1.5 


79083 


US 


F3V 


7.16±0.63 


4.2 


0.76±0.13 


3.827±0.005 


1.13±0.09 


1.9 


7 


1.9 


7 


1.9 


8 


1.9 


7 


1.9 


79097 


US 


F4V 


6.99±0.57 


4.4 


0.48±0.12 


3.822±0.009 


0.90±0.09 


1.6 


11 


1.6 


10 


1.6 


11 


1.7 


9 


1.6 


79288 


us 


F2V 


7.50±0.60 


5.1 


0.21±0.04 


3.833±0.006 


0.65±0.07 


1.5 


15 


1.5 


16 


1.5 


36 


1.5 


18 


1.5 


79369 


us 


FIV 


6.42±0.62 


6.2 


0.60±0.10 


3.845±0.012 


0.93±0.09 


1.6 


11 


1.7 


11 


1.7 


11 


1.7 


9 


1.7 


79516 


UCL 


F5V 


8.07±0.56 


4.0 


0.05±0.01 


3.814±0.011 


0.54±0.06 


1.3 


17 


1.4 


18 


1.4 


29 


1.4 


16 


1.4 


79606 


US 


F8V 


9.19±0.79 


3.8 


0.81±0.14 


3.788±0.007 


0.65±0.09 


1.5 


11 


1.5 


11 


1.4 


15 


1.4 


12 


1.5 


79643 


us 


F3V 


6.63±0.62 


4.8 


0.56±0.05 


3.827it0.005 


0.67±0.08 


1.5 


14 


1.5 


14 


1.5 


20 


1.5 


14 


1.5 


79644 


us 


F6V 


6.30±0.64 


4.1 


0.53±0.11 


3.802±0.007 


0.44±0.10 


1.3 


20 


1.3 


19 


1.3 


39 


1.3 


18 


1.3 


79673 


UCL 


F4V 


7.90±0.54 


4.3 


0.00±0.02 


3.822±0.009 


0.57±0.06 


1.4 


16 


1.5 


19 


1.5* 


>15 


1.4 


23 


1.4 


79710 


UCL 


FIV 


8.45±0.56 


5.8 


0.00±0.05 


3.845±0.012 


0.67±0.06 


1.5 


21 


1.5 


24 


1.6* 


>15 


1.5 


23 


1.5 


79742 


UCL 


F6V 


7.89±0.59 


4.5 


0.00±0.05 


3.802±0.007 


0.45±0.07 


1.3 


19 


1.3 


19 


1.3 


36 


1.3 


18 


1.3 



TABLE 4 — Continued 



HIP 


Group 


Spectral 




EW(Ha) 


Av 


log(Teff) 


log(L/LQ) 


Mass 


Age 


Mass 


Age 


Mass 


Age 


Mass 


Age 


Median 






Type 












DOS 


D08 


YY04 


YY04 


SOO 


SOO 


DM97 


DM97 


Mass 








(mas) 


(A) 


(mag) 


(dex) 


(dex) 




(Myr) 


(M©) 


(Myr) 


(Mq) 


(Myr) 


(M©) 


(Myr) 


(M©) 


79908 


UCL 


F8V 


9.71±0.67 


3.0 


0.08±0.07 


3.788±0.007 


0.35±0.07 


1.2 


21 


1.2 


20 


1.3 


30 


1.2 


19 


1.2 


79910 


TTO 

Ub 


F4V 


7.7U±U.by 


4.2 


n An 1 n r\A 

U.49±U.U4 




U.7z±U.Uo 


1.4 


14 


1.6 


13 


1.6 


14 


1.5 


13 


1.5 


7QQ77 




r o V 


7 7Q-l-n Rfi 

1 . / ymu.DO 




u.oomu.uo 


q Q97-|-n no'^ 
o.oz / mu.uuo 


u.Domu.uo 


1.0 


±0 


1 ^ 
1.0 


1 ^ 
10 


1 ^ 
1.0 


97 

z / 


1 ^ 
1.0 


1 7 
1 / 


1 ^ 
1.0 


oUOoD 


TTQ 


r 01 V - V 


7 no_i_n fic; 


A 7 


U.UUltU.iU 


Q Q1 /I -J-H ni 1 
o.oi4itU.Uli 


n QQ-Un no 
u.yoitu.uy 


1.0 


y 


1 7 



y 


1 R 


1 1 
11 


1 7 
1. / 


Q 



1 7 
1. / 


oUuDo 


T T(^T 

U L/L/ 


r 1 V 


O.UyiLU.Dl 


0.4 


u.oc5itu.uy 


Q OA c;_i_n m 


U.D ( iLU. ii 


i.o 


01 

ZL 


i.o 


OA 

z4 


i.D 


\ 1 1 
>li 


1 c 
1.0 


ZO 


1 c 
1.0 


oUoyo 


T TG 

U o 


r o V 


1 .0 1 itU.D4 


0.0 


n 1 o_Ln no 


o.oz ( itU.UUO 


n '7'7 -un 


1 

i.o 


1 Q 

io 


i.D 


1 Q 

lo 


I.D 


lo 


1.0 


1 

Iz 


1.0 




TTr^T 


p zi V 


O.oUltU.OO 




U. / UltU.Zi 


o.oooitU.UUD 


n fii -un 1 


i.o 


on 


1.0 


OQ 
ZO 


I.D 


>lz 


1.4 


OU 


1.0 


CT /I f^C; 


TTC3 
U o 


r Oi V- V 


'7 ni -Un (^T 


4.U 


U.UoitU.Uz 


Q Q-|/i_i_n fiM 


U.Ooinu.Uo 


i.o 


i / 


T /I 
1.4 


1 i 


i.o 


Zi 


1 A 
1.4 


10 


T /I 
1.4 


81851 


US 


F3V 


9.61ib0.78 


5.2 


0.00±0.04 


3.827±0.005 


0.56±0.07 


1.4 


21 


1.4 


24 


1.7t 


>16 


1.6t 


>13 


1.5 


82218 


us 


F3V 


8.39ib0.72 


4.8 


0.30±0.02 


3.827±0.005 


0.55±0.08 


1.4 


22 


1.4 


25 


1.7t 


>16 


1.6t 


>13 


1.5 


82319 


us 


F3V 


4.67ib0.96 


5.5 


0.10±0.02 


3.827±0.005 


1.05ib0.18 


1.7 


8 


1.8 


8 


1.7 


9 


1.8 


8 


1.7 


82534 


us 


F3V 


8.55ib0.68 


5.6 


0.00±0.03 


3.827±0.005 


0.72ib0.07 


1.4 


14 


1.6 


14 


1.6 


15 


1.5 


13 


1.5 


82569 


UCL 


F4V 


5.52ib0.38 


4.0 


0.18±0.06 


3.822±0.009 


0.95ib0.07 


1.6 


10 


1.7 


9 


1.7 


11 


1.7 


8 


1.7 


82747 


UCL 


F5Vc 


6.94±0.55 


-n.7 


0.96±0.40 


3.811±0.011 


0.92±0.18 


1.6 


10 


1.7 


9 


1.6 


11 


1.7 


9 


1.6 


8:-!lo<) 


UCL 


F()\" 


().79±0.i7 


i.i 


0.00±(),0<s 


3.<s02±(),n()T 


0.(i:-l±0.(l7 


1.1 


11 


1.5 


12 


I.i 


l(i 


I.i 


li 


i.i 



Note. — Spectral Types are from this work (Section 4.1). Uncertainties in Log(Toff) arc calculated with a spectral type uncertainty of 1 subtype. In cases where the H-R diagram position ^ 

was too close to the main sequence to yield a unique age, we provide upper limits (denoted by <) based on the 2a upper limit on the luminosity. We have provided the median mass of all h-^ 

evolutionary tracks as the preferred mass for each member. Given the sizes of the observational uncertainties, it is preferable to adopt the median subgroup ages rather than these individual ^ 

isochronal ages. a, 

* - mass was derived assuming a 15 Myr age., f — mass was derived assuming a 10 Myr age. ^ 

a> 

B 
cr 

i-i 
O 

cc 
o 
o 

I 

o 



to 

CO 
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TABLE 5 

Stars Rejected as Sco-Cen Members 



Name 


lype 


IXCJCCtlUIl ^^llLclldi 


Ref. 


HIP 


56227 


FOIV 


Kinematic Parallax 


1 


HIP 


57595 


F6V 


Trigonometric Parallax 


1 


HIP 


59781 


F8V 


Kinematic Parallax 


1 


HIP 


61086 


FIV 


HRD Position 


1 


HIP 


62056 


F6V 


HRD Position 


1 


HIP 


62428 


A7III 


Giant 


1 


HIP 


62674 


F3V 


HRD Position 


1 


HIP 


63022 


FOV 




\ 


HIP 


64316 


F3V 


HRD Position 


1 


HIP 


66285 


F7V 


Companion Li-poor 


1 


HIP 


69327 


FIV 


Kinematic Parallax 


1 


HIP 


70833 


F3V 


Companion Li-poor 


1 


HIP 


75824 


F3V 


Li-poor 


1 


HIP 


77457 


A7IV 


Kinematic Parallax 


2 


HIP 


79258 


F4V 


Kinematic Parallax 


1 


HIP 


81392 


G2/3 V 


Li-poor 


2 


HIP 


83542 


G8/K0 HI 


Giant 


3 



Note. — Spectral Type References: (1) this work, (2) Houk (1982) (3) Houk & Smith-Moore (1988) 



TABLE 6 

Median Age Estimates of the PMS F-Type members of US, UCL and 

LCC 



Evolutionary 


US 


UCL 


LCC 


Tracks 


(Myr) 


(Myr) 


(Myr) 


Dartmouth 


13±1 


16±5 


18±7 


Yonsei-Yale 


13±4 


15±5 


18±9 


SDFOO 


14±5 


16±9 


15±6 


DM97 


12±3 


15±6 


15±5 


Median 


13 


16 


17 


Statistical Unc. 


±1 


±1 


±1 


Systematic Unc. 


±1 


±1 


±2 



Note. — Uncertainties represent the la dispersion in the Chauvenet's-criterion clipped ages (Bevington & Robinson 2003) for the members for 
which we were able to determine an age. The overall uncertainty is the 68% C.L. of the median (Gott et al. 2001) (statistical) and the dispersion 
in ages (systematic). Median ages for UCL and LCC are only defined by members F5 or cooler, as earlier members are too close to the main 
sequence to yield reliable ages. 



TABLE 7 

Stellar Parameters for US Turnoff Stars 



Name 


log(Teff) 


log(L/LQ) 


vs'mi 


B94 Age 


B94 Mass Ell Age 


Ell Mass 


Ell Age 


Ell Mass 








(no rot.) 


(no rot.) 


(rot.) 


(rot.) 




(dex) 


(dex) 


(km s-l) 


(Myr) 


(Mq) (Myr) 


(Mo) 


(Myr) 


(Mo) 


oj Sco 


4.424 ± 0.019 


3.96 ± 0.05 


100±6 


2 


11.4 5 


11.2 


5 


11.4 


/3I Sco 


4.419 ± 0.010 


4.29 ± 0.05 


91±8 


9 


12.2 11 


12.1 


11 


12.2 


TT Sco 


4.402 ± 0.007 


4.34 ± 0.10 


100±15 


12 


12.4 12 


12.9 


14 


12.6 


T Sco 


4.475 ± 0.073 


4.31 ± 0.16 


10±2 


2 


14.7 5 


14.5 


5 


14.7 


8 Sco 


4.438 ± 0.033 


4.58 ± 0.14 


148±8 


9 


14.4 9 


14.9 


10 


14.6 


cr Sco 


4.443 ± 0.015 


4.98 ± 0.12 


56±15 


8 


17.7 8 


18.0 


10 


17.2 



Note. — References: (B94) BertelU et al. (1994), (Ell) Ekstrom et al. (2011). vsini values adopted from Brown & Verschueren (1997) 



F-Type Members of Sco-Cen 
TABLE 8 

Stellar Parameters For A-type Upper Sco Members 
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HIP 


Spectral 






log(Teff) 


log(L/L0) Ref. 




Type 


(mag) 


(mas) 


(dex) 


(dex) 



76310 


AOV 


0, 


,14 


± 


0.03 


8, 


.22 


± 


0, 


.62 


3, 


.980 


it 


0, 


.031 


1, 


.271 


± 


0, 


.070 


1 


77545 


A2/3V 


1, 


.25 


± 


0.04 


6. 


.83 


± 


0. 


.62 


3. 


.937 


it 


0, 


.014 


1, 


.053 


it 


0, 


.081 


2 


77815 


A5V 


0, 


.85 


± 


0.07 


6. 


.89 


± 


0. 


.58 


3. 


.907 


it 


0, 


.007 


1. 


.195 


it 


0. 


.077 


2 


77960 


A4IV/V 


0, 


.75 


± 


0.02 


8. 


.56 


± 


0. 


.71 


3. 


.918 


it 


0, 


.012 


0, 


.973 


it 


0. 


.093 


2 


78099 


AOV 


0, 


.59 


± 


0.03 


7. 


.42 


± 


0. 


.59 


3. 


.980 


it 


0, 


.031 


1. 


.367 


it 


0. 


.073 


2 


78196 


AOV 


0, 


.00 


± 


0.04 


8. 


.45 


± 


0. 


.63 


3. 


.980 


it 


0, 


.031 


1, 


.302 


it 


0, 


.070 


3 


78494 


A2mA7-F2 


0, 


.75 


± 


0.06 


7, 


.26 


± 


0, 


,57 


3, 


.943 


it 


0, 


.016 


1, 


.395 


it 


0, 


.077 


2 


78809 


AlVnn 


0, 


.21 




0.05 


7, 


.29 


± 


0, 


.57 


3, 


.964 


it 


0, 


.019 


1, 


.244 


± 


0, 


,071 


1 


78847 


AOV 


0, 


.63 


± 


0.06 


6. 


.76 


± 


0. 


,55 


3, 


.980 


± 


0, 


.031 


1, 


.445 


± 


0, 


,078 


1 


78963 


A9V 


0, 


.64 


± 


0.06 


5. 


.11 


± 


0. 


,46 


3, 


.872 


± 


0, 


.010 


1, 


.314 




0, 


,084 


3 


78996 


A9V 


0, 


.47 




0.03 


7, 


.25 


± 


0, 


,57 


3, 


.872 


± 


0, 


.010 


1, 


.019 


± 


0, 


,069 


2 


79124 


AOV 


0, 


.78 


± 


0.05 


6, 


.51 


± 


0, 


,53 


3, 


.980 


± 


0, 


.031 


1, 


.550 


± 


0, 


,078 


2 


79156 


AOV 


0, 


.60 


± 


0.07 


6, 


.43 


± 


0, 


,54 


3, 


.980 


± 


0, 


.031 


1, 


.366 


± 


0, 


,081 


1 


79250 


A3III/IV 


0, 


.33 


± 


0.05 


9, 


.60 


± 


0, 


,75 


3, 


.932 


it 


0, 


.012 


0, 


.963 


it 


0, 


,072 


2 


79366 


A3V 


0, 


.80 


± 


0.02 


7. 


.35 


it 


0, 


,60 


3, 


.932 


it 


0, 


.012 


1, 


.202 


it 


0, 


,071 


2 


79392 


A2IV 


0, 


.71 


± 


0.04 


5. 


.81 


± 


0. 


,49 


3. 


.943 


it 


0, 


.016 


1, 


.300 


it 


0, 


,076 


2 


79476 


A8IVe 


1, 


.02 


± 


0.40 


7. 


.56 


± 


0. 


,61 


3. 


.875 


it 


0, 


.010 


1, 


.006 


it 


0, 


,175 


4 


79733 


AlmA9-F2 


1, 


.25 


± 


0.04 


4. 


.51 


± 


0. 


,43 


3. 


.964 


it 


0. 


.019 


1, 


.480 


it 


0, 


.092 


3 


79860 


AOV 


0, 


.38 


± 


0.03 


4. 


.91 


± 


0. 


,40 


3. 


.980 


it 


0. 


.031 


1. 


.432 


it 


0. 


.075 


3 


79878 


AOV 


0, 


.00 


± 


0.02 


7. 


.35 


± 


0. 


,55 


3. 


.980 


it 


0, 


.031 


1, 


.407 


it 


0. 


.070 


5 


79987 


A7V 


1, 


.69 


± 


0.18 


3. 


.84 


± 


0. 


,40 


3. 


.892 


it 


0, 


.014 


1, 


.308 


it 


0, 


.116 


6 


80019 


AOV 


1, 


.03 


± 


0.07 


7, 


.81 


± 


0, 


,68 


3, 


.980 


it 


0, 


.031 


1, 


.374 


it 


0, 


.084 


1 


80059 


A7III/IV 


0, 


.56 


± 


0.07 


7, 


.74 


± 


0, 


,64 


3, 


.892 


it 


0, 


.014 


0, 


.907 


it 


0, 


.075 


2 


80088 


A9V 


0, 


.61 


± 


0.03 


6, 


.11 


± 


0, 


,66 


3, 


.872 


it 


0, 


.010 


0, 


.960 


it 


0, 


.095 


2 


80130 


A9V 


0, 


.66 


± 


0.02 


6, 


.41 


± 


0, 


,57 


3, 


.872 


it 


0, 


.010 


1, 


.089 


it 


0, 


.077 


2 


80196 


AlVn 


2, 


.36 


± 


0.18 


5, 


.94 


± 


0, 


,56 


3, 


.964 


± 


0, 


.019 


1, 


.602 


it 


0, 


.102 


6 


80238 


A2.5V 


0, 


.74 


± 


0.09 


8, 


.00 


± 


0, 


,68 


3, 


,937 


± 


0, 


.014 


1, 


.389 


± 


0, 


.081 


7 


80311 


AlV 


0, 


.93 




0.05 


5, 


.51 




0, 


,49 


3, 


,964 


± 


0, 


.019 


1, 


.266 


it 


0, 


.080 


6 


80425 


AlV 


1, 


.52 


± 


0.17 


7, 


.25 


± 


0, 


,64 


3, 


,964 


± 


0, 


.019 


1, 


.392 


± 


0, 


.096 


6 


80799 


A3V 


0, 


.25 




0.04 


7. 


.97 


it 


0. 


,62 


3, 


,932 


it 


0, 


.012 


1, 


.078 


it 


0, 


.068 


6 


81624 


"A3*" 


2, 


.56 


± 


0.78 


5. 


.08 


it 


0. 


,48 


3. 


,932 


it 


0. 


.012 


2, 


.003 


it 


0. 


.316 


8 


82397 


A3V 


0, 


.00 


± 


0.03 


7. 


.85 


it 


0. 


,62 


3. 


,932 


it 


0, 


.012 


1, 


.118 


it 


0, 


.072 


3 



Note. — Uncertainties in log(TQff) arc determined assuming a spectral type uncertainty of 1 subtype. 
Spectral Type References: (1) Paunzen et al. (2001), (2) Houk & Smith-Moore (1988), (3) Houk (1982), (4) Vieira et al. (2003), (5) Glaspey 
(1972), (6) Garrison (1967), (7) Abt (1981), (8) Gray & Corbally (1998) 

* We list the hydrogen type in the table, the full type from Gray & Corbally (1998) is "kAl hA3 mA3 Vaer Bdl < Neml" 



TABLE 9 

Age Constraints for Upper Sco from the A-type Main Sequence 

Turn-on 



Evolutionary 
Tracks 


Age 
(Myr) 


Dartmouth 


10it2 


Yonsei-Yale 


10it2 


SDFOO 


12it3 


DM97 


9it2 


Median 


10 


Statistical Unc. 


±1 


Systematic Unc. 


±1 



Note. — 



The overall uncertainty is the 68% C.L. of the median (Gott et al. 2001) (statistical) and the dispersion in ages (systematic). 



TABLE 10 

Stellar Parameters for G-Type Upper Sco Members 



l\3 
03 



Object 


TYC 


SpT 






log(Teff) 


log(L/LQ) 


DOS 


YY04 


SCO 


DM97 Ref. 








(mas) 


(mag) 


(dex) 


(dex) 


(Myr) 


(Myr) 


(Myr) 


(Myr) 



PZ99 


J155548.7-251223 


6783- 


2045-1 


G3 


6 


56 


± 





85 





70 


PZ99 


J161618.0-233947 


6793- 


1406-1 


G7 


7 


17 


± 





81 





73 


'PZ99 


J160843.4-260216 


6784- 


39-1 


G7 


7 


39 


± 





66 





65 


PZ99 


J161459.2-275023 


6801- 


186-1 


G5 


7 


66 


± 





92 





73 


PZ99 


J160040.6-220032 


6212- 


1183-1 


G9 


6 


36 


± 


1 


06 





65 


PZ99 


J160000.7-250941 


6783- 


1747-1 


GO 


6 


86 


± 





65 





36 


PZ99 


J160158.2-200811 


6208- 


1543-1 


G5 


6 


31 


± 





77 


1 


22 


PZ99 


J155812.7-232835 


6779- 


780-1 


G2 


6 


60 


± 





77 





86 


PZ99 


J161731.4-230334 


6793- 


501-1 


GO 


5 


37 


± 





78 





72 


PZ99 


J161318.6-221248 


6213- 


306-1 


G9 


6 


90 


± 





75 


1 


16 


HIP 78483 


6787- 


1367-1 


G2IV 


6 


46 


± 





61 





22 


HIP 78581 


7329- 


1646-1 


GIV 


9 


26 


± 





75 





04 


HIP 79252 


6213- 


75-1 


G7IV(e) 


8 


94 


± 





86 





64 


HIP 79462 


6793- 


1271-1 


G2V 


7 


03 


± 





61 





45 


HIP 80320 


6806- 


833-1 


G3IV 


7 


97 







63 





00 


HIP 80535 


6802- 


183-1 


GOV 


7 


59 


± 





64 





00 



± 0.17 


3.756 


0.38 ± 0.13 


11 


12 


18 


12 


(1) 


± 0.06 


3.742 


0.34 ± 0.10 


9 


10 


16 


9 


(1) 


± 0.09 


3.742 


0.36 ± 0.09 


9 


10 


15 


9 


(1) 


ZH U.Oi 


O. / ou 


u.uo m u.iD 


Zo 


Zo 


"in 
ou 


91 




± 0.17 


3.728 


0.27 ± 0.16 


8 


9 


15 


7 


(1) 


± 0.19 


3.774 


0.19 ± 0.11 


24 


24 




22 


(1) 


± 0.25 


3.750 


0.65 ± 0.15 


5 


6 


10 


5 


(1) 


± 0.18 


3.762 


0.49 ± 0.12 


10 


10 


16 


10 


(1) 


± 0.15 


3.774 


0.71 ± 0.14 


8 


8 


12 


8 


(1) 


± 0.16 


3.728 


0.60 ± 0.12 


4 


4 


7 


4 


(1) 


± 0.12 


3.762 


0.64 ± 0.10 


7 


8 


12 


7 


(2) 


± 0.06 


3.769 


0.38 ± 0.08 


15 


15 


20 


15 


(3) 


± 0.23 


3.742 


0.45 ± 0.12 


7 


8 


13 


7 


(2) 


± 0.15 


3.762 


0.70 ± 0.10 


6 


7 


10 


7 


(4) 


± 0.04 


3.756 


0.42 ± 0.07 


10 


11 


17 


11 


(2) 


± 0.02 


3.774 


0.71 ± 0.07 


8 


8 


12 


8 


(3) 



Note. — Spectral Type References - (1) Preibisch & Zinnecker (1999), (2) Torres et al. (2006), (3) Houk (1982), (4) Houk & Smith-Moore (1988) 
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TABLE 11 

Median Ages of the G-Type Upper Sco Members 



Evolutionary Age 
Tracks (Myr) 



Dartmouth 8±4 

Yonsei-Yale 9±3 

SDFOO 14±4 

DM97 8±4 



Median 9 
Statistical Unc. ±2 
Systematic Unc. ±3 



Note. — Uncertainties represent the la dispersion in the Chauvenet's-criterion clipped ages (Bevington & Robinson 2003). The uncertainty 
in the median is the 68% confidence limit as described in Gott et al. (2001) (statistical) and the dispersion in ages (systematic). 



TABLE 12 

Properties of Upper Sco Members Used For Expansion Age 



HIP d Vrad(prcd.) Vradiohs.) Ref. 

(pc) (km (km s"'^ 



76071 


175 


± 


20 


-5.3 


-6.1 ± 2.3 


1 


76310 


151 


± 


13 


-4.4 


-2.5 ± 0.6 


1 


76503 


190 


± 


13 


-4.4 


3.7 ± 20.0 


2 


76633 


145 


± 


18 


-6.2 


-2.8 ± 2.2 


3 


77635 


152 


± 


6 


-5.0 


-3.0 ± 4.7 


3 


77813 


105 


± 


14 


-6.8 


-5.4 ± 0.4 


4 


77840 


154 


± 


12 


-5.2 


-9.3 ± 1.6 


3 


77858 


129 


± 


9 


-5.4 


-6.3 ± 20.0 


2 


77859 


131 


± 


6 


-5.6 


-9.2 ± 3.1 


3 


77900 


158 


± 


12 


-4.6 


-1.3 ± 2.6 


3 


77909 


158 


± 


11 


-5.2 


-8.7 ± 4.3 


3 


77911 


148 


± 


12 


-5.9 


-2.9 ± 2.6 


1 


78099 


141 


± 


15 


-5.9 


-6.5 ± 2.9 


3 


78104 


145 


± 


4 


-4.2 


3.3 ± 20.0 


2 


78207 


143 


± 


5 


-8.3 


1.5 ± 2.2 


1 


78246 


170 


± 


7 


-5.5 


-12.1 ± 3.4 


3 


78265 


180 


± 


21 


-5.1 


-11.7 ± 10.0 


2 


78530 


157 


± 


13 


-6.4 


-9.0 ± 4.4 


3 


78549 


146 


± 


12 


-6.2 


-5.0 ± 5.0 


3 


78663 


144 


± 


24 


-4.1 


-11.3 ± 0.3 


4 


78809 


144 


± 


12 


-6.0 


-5.5 ± 3.2 


1 


78820 


124 


± 


12 


-7.1 


-1.0 ± 2.0 


3 


78847 


162 


± 


21 


-6.5 


-23.0 ± 3.0 


1 


78877 


161 


± 


17 


-6.0 


-6.6 ± 4.3 


3 


78933 


145 


± 


5 


-6.9 


-4.4 ± 3.0 


3 


78996 


108 


± 


10 


-6.0 


-7.9 ± 2.0 


1 


79031 


119 


± 


6 


-5.9 


-4.9 ± 2.8 


3 


79054 


139 


± 


20 


-6.0 


-4.1 ± 0.7 


4 


79098 


136 


± 


6 


-6.1 


-16.0 ± 5.4 


5 


79124 


123 


± 


10 


-7.4 


-18.1 ± 1.9 


1 


79156 


170 


± 


26 


-7.3 


-3.7 ± 1.9 


1 


79252 


126 


± 


35 


-6.6 


-3.8 ± 0.3 


4 


79258 


114 


± 


14 


-3.6 


-18.0 ± 0.3 


4 


79288 


150 


± 


22 


-5.7 


-2.9 ± 0.3 


4 


79369 


122 


± 


21 


-6.9 


-6.7 ± 0.3 


4 


79374 


145 


± 


16 


-7.4 


-14.2 ± 1.6 


5 


79404 


147 


± 


3 


-5.0 


-3.8 ± 10.0 


2 


79410 


140 


± 


22 


-7.3 


-6.2 ± 2.6 


1 


79439 


132 


± 


19 


-7.4 


-5.6 ± 0.2 


1 


79530 


144 


± 


13 


-6.0 


3.4 ± 2.5 


3 


79596 


175 


± 


11 


-3.6 


-22.6 ± 0.4 


3 


79599 


109 


± 


7 


-7.0 


-7.8 ± 1.7 


3 


79622 


149 


± 


9 


-5.8 


-8.4 ± 2.7 


3 


79785 


101 


± 


6 


-7.0 


-6.4 ± 0.2 


1 


79878 


129 


± 


8 


-5.1 


-3.4 ± 0.6 


1 


79910 


149 


± 


33 


-7.0 


-6.6 ± 0.7 


4 


79977 


123 


± 


16 


-7.1 


-2.8 ± 0.3 


4 


80019 


173 


± 


33 


-7.4 


-15.0 ± 3.9 


5 


80024 


163 


± 


21 


-7.4 


-4.0 ± 1.4 


1 


80088 


139 


± 


34 


-6.8 


-7.5 ± 2.2 


1 


80126 


151 


± 


13 


-6.5 


-3.0 ± 6.5 


5 


80320 


142 


± 


23 


-4.8 


1.7 ± 0.3 


4 


80324 


110 


± 


12 


-3.8 


-2.1 ± 1.5 


3 
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Pecaut et al. 
TABLE 12 — Continued 



HIP 


d 




V J r nl>s ) 


Ref. 






(km s 


(km S 




80461 


125 ± 12 


-6.6 


-6.8 ± 2.9 


5 


80473 


111 ± 11 


-6.6 


-11.4 ± 3.0 


3 


80474 


135 ± 11 


-6.7 


-11.0 ± 2.4 


5 


80493 


135 ± 16 


-5.8 


-7.4 ± 1.9 


1 


80535 


120 ± 17 


-5.5 


-4.0 ± 0.3 


4 


80569 


161 ± 6 


-8.1 


-19.0 ± 2.1 


3 


80763 


170 ± 29 


-5.9 


-3.5 ± 0.8 


3 


80896 


142 ± 25 


-4.9 


3.3 ± 2.7 


1 


81266 


145 ± 11 


-5.5 


1.7 ± 0.9 


3 


81455 


105 ± 15 


-5.2 


-3.2 ± 0.5 


4 


82218 


136 ± 20 


-8.2 


-6.7 ± 0.3 


4 


82319 


104 ± 19 


-7.4 


-18.3 ± 1.3 


1 



Note. — Distances arc derived using trigonometric parallaxes from van Lccuwcn (2007). References: (1) Dahm et al. (2011); (2) Dufiot et al. 
(1995); (3) Gontcharov (2006); (4) Chen et al. (2011); (5) Barbier-Brossat & Figon (2000); 



TABLE 13 
Upper Sco Age Estimates 


Sample 


Age 




(Myr) 


F-Type PMS 


13±1 


Main-sequence Turn-oflF 


10±2 


Antares 


12±2 


A- Type Turn-on 


10±3 


G-Type PMS 


9±2 


Adopted Age 


11 


Statistical Unc. 


±1 


Systematic Unc. 


±2 



TABLE 14 

Revised Mass Estimates for Substellar Objects in Upper Sco 



Object 


Mass at 11 Myr 
(Mjup) 


[PZ99] J160930.3-210459B 


14+2 


GSC 06214-00210B 


17±3 


HIP 78530B 




UScoCTIO 108B 


16+3 


Oph 1622-2405A 


53l? 


Oph 1622-2405B 


21±3 



Note. — 



Masses estimated using the DUSTY models of Chabrier et al. (2000); BaraflFe et al. (2002) and an age for Upper Sco of 11±2 Myr. 



